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Introduction
This report was produced by 9 students of the Snvlronmental
Impact Assessment course at Huxley College of Environmental Studies,
over a period of 7 weeks in the spring of 1981. In this study, we
have attempted to provide an assessment of the natural and cultural
environmental conditions of the delta of the Nooksack River, and to
determine impacts upon that area both presently and in the near
future.
The present-day delta of the Nooksack River is located in the
western portion of Whatcom County, Washington, where the Nooksack
River discharges into Bellingham Bay. The delta lies about 3 1/2
miles west and slightly north of Bellingham, and is almost entirely
within the Lummi Indian Reservation, The village of Marietta is
adjacent to the delta on the east side.
In the process of delta building, a river continuously deposits
sediments, gradually extending the land mass farther out into open
waters. As this happens, many sloughs and marshy areas are left behind,
which eventually fill in. In this way, the Nooksack delta has steadily
progressed to the south, A delta may be looked upon as a gradation from
dry land to open water; the delta as its own entity has no definite boundaries-
For the purposes of this report, the area enclosed by and including
Lvimmi Shore Drive to the west. Marine Drive to the north and east, and
Bellingham Bay to the south was chosen as a study area. These roads
enclose the currently most "active" portion of the delta from a geomorphic
point of view. By inclusion of the roads and adjacent properties into
the study area, it was possible to assess the cultural environment ad­
joining the delta as well. The study concentrates primarily on the
terrestrial and riparian portion of the delta; the delta platform
in Bellingham Bay was not included.
This area lies within the southern portions of Sections 7 and
8, the eastern half of Section 18, and nearly all of Section 17.
As the delta has advanced seaward, the land mass has entered parts of
Sections 19, 20, and 21 as well. The entire area lies within Township
38 North, Range 2 East.
The study area is about 1500 acres in size and consists almost
entirely of islands formed by accretion. The area exhibits a gradation
from established willow and alder stands in the older, northern
portion, to young willow forests on the relatively new islands, and
finally to a salt marsh region where the delta meets Bellingham Say.
There are many residences on the fringes of the study area, but
the delta itself is uninhabited. The dynamic nature of the delta
is prohibitive to construction or heavy human use; and the Lurami Tribe
has voiced a policy to retain the delta in its natural state due to
its extreme importance as a fishery resource.
It should be remembered in reading this report that the delta
environment is created by the combination of many factors. It is
impossible to study any one element of the delta without relating it
to the delta as a system. Process of geomorphology, biology, hydrology
and culture are all at work here. These processes are intricately
related to form a \inique system: The Nooksack delta.
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NOOKSACK DELTA STUDY
Natural Environment
GEOLOGIC SETTING AND HISTORY
The Nooksack delta ie located idiere the Nooksack River meets the
Puget Sound at Bellingham Bay. Bellingham Bay lies near the northern limit
of the Puget Lowland physiographic province. The Puget Lowland in Whatcom
County is the northeastern portion of an elongate structural and topographic
trough created by the subsidence of the Earth's crust and partially filled
with unconsolidated sediments deposited during the last Ice Age, The
western part of Whatcom Coxmty consists of several low rolling uplands,
300 to 500 feet above the floodplain of the Nooksack River, To the east,
the Cascade Mountains rise to elevations of 7,000 to 10,000 feet above
sea level (Easterbrook, 1973* p, 3).
The delta is a recent formation of Quaternary deposits. Earlier
deposits from the Pleistocene epoch have been covered by recent alluvium.
During the Pleistocence epoch, vast continental glaciers covering most
of Canada and Alaska advanced into and retreated from the northern fringes of
the United States, The early Pleistocene deposits filled the Whatcom
Basin to depths of at least 560 feet (Stenbak, 1972),
During the Vashon Stade of the Fraser Glaciation, 13,000 to 20,000
years ago, a continental glacier extended over much of Washington state.
This glacier was as far south as Thruston County and covered Bellingham
with 6,000 feet of ice. When the glacier began to retreat it deposited
outwash till over much of Whatcom County, In some areas of the Nooksack
delta, Vashon Till is from 1 to 50 feet thick (Stenbak, 1972),
It was during the Sumas Stade of the Fraser Glaciation, 10,000 to
6
11,000 years ago, that the Nooksack delta had some semblance to the
present day delta. At that time, a continental glacier stood at the
Canadian border and the Nooksack delta was well upstream near Femdale,
Through the years, the Nooksack River has deposited a thick layer of
alluwium up to 150 feet thick in some areas south of Femdale, This is shown
in that on some roads south of Femdale, pilings must be driven down
to 150 feet in order to reach something stable for the roads to be
laid on (Jeff Nichols, Personal Coramtinication, I98I).
The alluvial deposits are mostly unconsolidated fine sands, silt, and
clay, brought down from glaciers on Mt, Shuksan and Mt.Baker and from upper
reaches of the Nooksack, where the river flows through continental glacial
debris. See Table 1 and the Geologic Map for properties of engineering
and location of the alluvial deposits.
Seismic Hazards
The study area is located near the Pacific Rim, a high frequency
earthquake area. Earthquakes can do damage in four ways; l) by seismic
vibrations, 2) ground subsidence as a result of vibrations, 3) ground
displacements by faults, and U) tsunamis. Since there are no active
faults in the area, and since tsunamis are rare occurances in the Puget
Sound area, subsidence and vibration are the chief earthquake hazards.
Studies have shown that unconsolidated materials can have up to ten
times the vibrations as bedrock during the same amount of stress. All of
the formations in the study area are unconsolidated, therefore the area
has a high rating for seismic hazards.
Table 0.
Engineering Properties of Geologic Units
Type of Material Geologic Unit r Drainage Groundwater
Alluvial Deposits Qal Alluvial Deposits Runoff Water table
Mostly uncon- Qt Terrace Deposits variable but near surface.
solidated sand. generally Permeability‘s
silt and clay poor because
of low slopes.
Infiltration
moderate to
very slow.
Subject to
flooding
varies.
Ease of Excavation Foundation Stability Slope Stability Seismic Stability
Generally easy with Fair, may settle Poor, Tidien Very poor.
hand or power excessively and slopes are
equipment.
Can generally be
dredged.
irregularly
because of layers
of compressible
organic matter
present
From: Easterbrook, Don J,, Environmental Geology of Western Whatcom
Gonnty. Department of Geology, ViVfU, 1973, p. ^2,

Table ^
GEOLOGIC TIME SCALE
ERA PERIOD AGE EPOCH SOME EVENTS IN WHATCOM COOTITY
Quaternary .01- Recent | Building of deltas, spits.
10,000 floodplains; stream erosion
years
Pliestocene Advance and retreat of continental
glacier from Canada, eruption of
Mt. Baker, submergence of VJhatcom
o County Lowland, deposition of
Mo[S]o
outwash plains near Lynden
zw
o Tertiary 2-3 Pliocene Uplift of Cascade Range
million Miocene
years Oligocene
Paleocene Deposition of Huntington Formation,
Folding and Faulting of Chuckanut
Formation
o
i-to Cretaceous 60-70 Deposition of Chuckanut FormationNJO Jurassic million
S Tidassic years
Permian 225
o
Pennsylvanian million
Mo Mississippian years
s
Devonian
Silurian
CL,
Cambrian
Pre-Cambrian 600
million
years
From; Easterbrook, Don J,, Geology and Geomorpholog:/ of Western Whatcom
County. Department of Geology, Western Washington University,
1971, page ii.
SOILS
Most of the soils In the study area are not suitable for many
uses. The area is not suited for housing or industry because of the
probability of floods occurring at least every two years within the
study area. Also, because the soils are mostly wet throughout the
year it is difficult to find stable ground for most foundations. The
most suitable use for many of the soils within the study area is ag­
riculture, Most of the soils are composed of silt and clay and when
mixed with organic matter they become very rich and fertile. Five
soils, within the study area, are listed as prime agricultural land
by the VIhatcom County Planning Commision, ( See soils matrix) There
is some difficulty with farming the soils on the Nooksack Delta, The
water table in some areas is seasonally high and thus there are prob­
lems with drainage. Also the groundwater throughout the study area is
saline. Only when soils with high saltwater content are drained and
reclaimed do they become suitable for agricultural uses.
The following soils are found at the Nooksack Delta study area.
This information was taken fivjm: Soil Survey of Whatcom County.
Washington Series, 19li1, No. 7, Issued August 1953.
Tidal Marsh (Ta) lies within the overflow or saturation limits of
high tide. The largest areas are on the delta of the Nooksack River.
The soil materials consist of alluvial or shore deposits having a
slate-gray iron mottled appearance and a wide ramge in texture. No
true soil has developed. At high tide the materials are completely
submerged and they remain marshy at low tide. Areas of Tidal marsh
usually support sedges, cattails, and salt-tolerant vegetation.
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Suinas silty clay loam (Sz) Soils of the Sximas series are closely
associated with the Puget soils in back-bottom positions along the
Nooksack River suid on the delta of the Nooksack River# In the delta
region the surface soil and upper subsoil have more bluish-gray cast.
The soil does not contain enough organic matter and nitrogen to support
sustained yields imder continuous cropping,
Neottine gravelly sandy loam (Na) Widely scattered bodies of this
soil occur on the narrow beach ridges, on low terraces along the coast
and near the outer margin of the Nooksack River Delta, The soil de­
veloped from coastal beach deposits thickly littered with marine
shells. The soil is above high tide and usually well drained or
drovighty, but areas may be included in which the water table is high.
The dark of the surface soil is due to limy shell accumulations,
Puyallup fine sandy loam (Pe) This soil is widely distributed
throughout the valleys of the Nooksack and Sumas Rivers, The Nooksack
River is confined to its course by dikes and levees through the most
important agricultural areas, and flooding outside the levees takes
place only during exceptional periods of high water, Puyallup soils
have a tendency to become saturated. Before they were logged these
soils supported a wide variety of trees, but the deciduous types are
now dominant. Soils of this series have a friable mellow, brownish- 
gray, sandy upper subsoil. The sand is of mixed origin, glacial
outwash and the darker material derived from dark argillites. It
occupies more elevated sites on the stream bottoms. The lay of the
land is ustially level to very gently sloping.
Lumml silty clay loam (Le) Most of this soil occurs adjacent to
the tidal flats on the delta of the Nooksack River. This is a fertile
soil when reclaimed but salty in the virgin condition. The ground
water is highly charged with salts and \infit for domestic purposes.
Natural drainage is very poor. The native vegetation is largely sedges
and water-tolerant grasses, including some saltgrass. In the better
drained or reclaimed areas, willow, cottonwood, alder, and other de­
ciduous trees suid brush are becoming established. The water beneath
all the soils of the delta remains salty even after reclamation.
Coastal beach (On) This soil consists of narrow elongated areas
of shore-washed sand, gravel, and stone that parallel the coast.
These areas range from less than a rod in width to about one fourth
of a mile in the widest part. They are often covered with driftwood
and other debris, including marine shells. Coastal beach is usually
barren of vegetation but may support short-lived grasses or shrubs on
the inner margins,
Hovde silty clay loam (Hg) This inextensive soil occurs in
freshwater marshes lying behind coastal beach deposits along the Nook- 
sack delta. Surface water usually remains until the dry summer. The
surface soil, to a depth of about 12 inches, is dark brown rather
highly organic silty clay loam bound into a tough root material,
Seitdahoo muck (Sg) This soil is found in the low wet depressions
of stream valleys and uplands. It developed in marshes, is flooded at
least paid, of the year, and under natural conditions has a high water
table all year. The native vegetation of sedges, tules, marsh grasses.
and other water-loving plants is similar to that on Mxikilteo peat.
Artificial drainage is necessary before Semiahoo muck can be used for
farm crops or pasture,
Mukilteo peat, shallow ( Md) covers areas where the sedge peat
over mineral soil is less than two feet thick. Artificial drainage is
necessary before the laud can be properly used for cultivated crops
or permanent pasture.
16.
COASTAL PROCESSES
Shoreline Description
The Nooksack delta is located between the Fort Bellingham and the
Lummi Shore shoreline reaches. Its classification as an estuary is ”an
embayment with continuous inflow from a river draining an upland interior."
(Shoreline Inventory, Whatcom County Wa., 1977 , p. 97). Evident on the
lower delta are several miles of complex estuarine shorelines, distributaries
and sloughs. At mean tide, the exposed seaward edge is about 2 miles
across. The delta extends about 2 miles into the bay with the delta front
extending significantly farther into the bay. Surrounding the Nooksack delta
are reaches characterized by sedimentary foreshores, backed by cliffs en­
tirely formed by glaciomarine drift. These beaches serve as traps for
sediments discharged by the Nooksack River, Shoaling caused by deltaic
deposition has protected some of these cliffs from their normal function
as erosional bluffs. The seaward edge of the delta is a flat salt marsh
colonized by halophytic plants, A gradation of plant life from the
salt marsh to the larger tree zone is important in the upward growth of
the delta.
Delta Growth
Rivers form deltas when the sediment discharged is deposited at the
mouth of the river instead of being picked up by currents strong enough to
sweep them down the coast. Because the tidal range is not large and the
tidal current is not strong in upper Bellingham Bay, sediment discharged by
the river is deposited at the mouth. The "birdfoot" shape of the delta
is characteristic of rivers where sedimentation is primarily controlled by
river processes. The Nooksack delta builds seaward through a steady advance
of the delta platform. Rate of delta growth is determined by the seaward
17
emergence 6f land'fts well as the seaward advance of the delta front,
indicated by the l8 foot isobath (Smelser, 1970, p. 75).
Approximately 10,000 years ago, the Nooksack entered into the Puget
Sound somewhere in the vicinity of Femdale, Since then, with continued
progradation, the delta has grown to the Lummi peninsula and converted it
from an island to a peninsula. In 1855* the present-day Nooksack was still
a minor distributary flowing into Bellingham Bay, with most of the flow
discharging into Lummi Bay, By 189I, some deltaic deposits began to emerge,
but there still was no discernible advance of the delta front (Smelser,
1970, p, 75). Recently, with the influence of humans, deposition has
accelerated. By 1905, the delta had doubled its I89I size. In the 1920's
diking of the Nooksack caused the river to flow continuously into
Bellingham Bay instead of alternating between Bellingham and Lummi Bays.
This has increased the sediment load entering into Bellingham Bay, Also,
deforestation and logging have reduced ground cover, simultaneously causing
the rates of groundwater infiltration and evapotranspiration to decrease.
The decrease in ground cover has caused an increase in the total discharge
as well as the peak discharge of the river. Because the capacity of a river
to carry sediments is determined by river discharge, delta growth increased
as river discharge increased. By 19ii7, the delta had quadrupled its 1905
size and had advanced some 1,29 miles into Bellingham Bay (Smelser, 1970,
p, 76), Since then, the delta continues to build seaward and now extends
nearly 2 miles into the bay.
The average rate of sediment delivery from I89I to i960 was 900,000
cubic yards per year, with the majority of the discharge occurring
during the peak flow periods of the Nooksack, Sediment discharge rates
have not lessened to date and the delta is still growing at an increasing
rate.
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PredomlnaBt Drift Processes
The Luitimi Shore reach is an erosional beach with no distinctive
accretional shoreforms. The shallowing of Bellingham Bay, due to
Nooksack River sediments, has caused a significant reduction in geo-hydraulic
activity north of the Nooksack delta. Prevailing southerly winds create a
northeasterly flow for drift sectors along this reach (Bauer, 197U).
Drift loading decreases toward the delta, because of the wide'foreshore
caused by deltaic deposits.
The Fort Bellingham reach has three accretional beaches along its
stretch. The remainder of the reach contains marginal beach zones that
are not active in erosion or accretion. One of the accretion beaches is
found on the southeastern edge of the delta, and deposits found there are of
deltaic origin. Southerly storms produce a predominant westward drift of
foreshore sediments (see figure ^ ). Drift rates are low along this
stretch, but drift loading is high. The diking of the Nooksack River,
combined with increased sedimentation has lowered the shore process energy
level of this sector considerably (Bauer, 197ii).
Estuarine Circulation
The Nooksack River supplies the Bellingham-Samish Bay system with
approximately 7h% of the freshwater entering the estuary (Collias, 19^6,
p. 9)» Tide levels, temperatures, oxygen levels, water density, salinity
levels and distributions are all factors of oceanography that the Nooksack
River has an influence upon.
Periods of high runoff from the river occur in the late fall to early
winter, due to direct precipitation, and in Jime, due to snowmelt. The
lowest period of flow occurs in the late summer to early fall when runoff
and precipitation are negligible.
nooksack
DELTA
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As fresh water from the Nooksack River enters the Bellingham Bay- 
system, it mixes with saline water entering the bay from Rosario Strait.
Because freshwater is less dense than saltwater, it spreads as a layer over
the surface of the salt water until it is mixed by waves and currents.
Circulation patterns are governed by the amount and the size of freshvrater
entering the bay, the size and shape of the basin, and the effects of winds
and tides. As the seawater rises during high tides, the denser seawater
flows under the low salinity river water. Surface and deep water currents
at this time are in opposite directions, but because of the increased tide
level, surface layer flow diminishes until the surface and subsurface
current speeds are eqvial. As tide levels continue to rise, the surface flow
will reverse and the salt water mass will move up the river, A salt
water wedge is eventually established with the pointed edge of the wedge
extending some distance up under the s\irface layers of the river. In the
Nooksack River, salt water backflow at higher high tide extends 1.5 miles
up the lower main stem Nooksack River channel (Shoreline Inventory,
Whatcom County Wa,, 1977, p, 97).
Surface salinity in Bellingham Bay is quite variable due to the effects
of wind, tides, and the rate of river discharge from the Nooksack. Surface
salinity is at its minimum at the mouth of the Nooksack, and increases from
there to the mouth of the Bellingham-Samish Bay system. Salinity at
depths is maintained by the salt water entering the bay from Rosario
Strait, Salinities are constant below the 29%«isopleth, Salinities
decrease at depths nearer to the mouth of the Nooksack due to estuarine
circulation. The thickness of the river's freshwater surface layer varies
with the rate and duration of discharge from the river, as well as the
wind direction and speed. During periods of high discharge a shallow lens-
shaped layer of low saline water can cover the majority of Bellingham
Bay (Collias, 1966, p. 27). The layer of less than 55i«salinity seldom
reaches depths greater than 2 meters. Generally, surface water is the
freshest during the winter and the most saline during the fall.
In upper Bellingham, where the currents are weak and vertical mixing is
limited, the Nooksack River has a strong influence on density stratification
and temperature distributions. The less dense river water that remains on
the surface is warmed because it is subject to more solar radiation than is
the water column in the bay that is frequently mixed vertically. The
deeper waters are not warmed nearly as quickly as the surface waters and
tend to lag somewhat behind in peak and low temperatures. This creates
an isothermal temperature gradient inthe water column two times a year
(Collias, 1966, p. 26)
Tides
The Bellingham Bay system experiences mixed tides with two unequal
high and low tides during each tidal day of 2h hours and 50 minutes.
During periods of the month the two semi-diurnal tides are nearly equal
in height, >diile during other periods the low high tide is almost the
same as the high low tide, and on occasions, six hours may go by with little
change in tidal height (Collias, 1966, p, 12),
In Bellingham Bay, the normal maximum tide range is U.O meters, with
a normal high sphing tide of 2.9 meters. The mean tide height is 1.6
meters above Mean Lowest Low Water (MLLW), Extremes of 3.5 meters and
-l.h meters have occurred (Collias, 1966, p, 12),
Tide levels are affected by wind speed and direction, A strong south­
westerly wind can increase tide levels at the delta, whereas a north to
northeasterly wind can decrease tide levels. The dominant winds in Bellingham
Bay come from the south to southeast, with frequent northeast winds. Table
B shows the frequency of occurence of wind direction at Bellingham airport.
The southerly fetch from the mouth of the Ndoksack to Samish Island is
about l8 miles, allowing for wave sizes of 3-5 feet at the delta
(Phillabaum, 1973, p. l).
Tidal action has a large effect on the circulation of water in Bellingham
Bay, The direction and magnitude of water movement depends upon the tide
range, tide state, and the bathymetry of the location under consideration.
During flood tide, surface currents enter the bay from Rosario Strait, forming
a clockwise eddy in Bellingham Bay,
Frequency of Occurence of Wind Directions at Bellingham Airport
Direction
Percentage of
Occurrences Remarks
N 1
NNE 2
NE 8
ENE 3
E 6
ESE 2
SE 7
SSE 12
S 6
ssw 7
sw 11
sws 8
w h
WNW 1
NW 1
NNW
Calms
1
For October 193S-bec€nnber 19l3~
5 cases over 32 mph
37 cases over 32 mph
Table 3
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CLIMATE
The Nooksack Delta has a temperate marine climate. The average
annual rainfall near the delta is 33.35 inches and the average annual
temperature is degrees Fahrenheit. ( U.S. Dept, of Commerce,
1979) Winds are predominantly south-southwest with frequent north- 
northeast gusts. The Delta is controlled by a river basin that
possesses geographic characteristics conducive to production, storage,
and delivery of large amounts of water. ( State of Wash,, i960)
The northerly latitude and the predominant source of air masses pro­
vides the Nooksack Basin with a large supply of moist air. The moun­
tainous topography in the upper reaches of the basin traps the moist
air which produces heavy rain and snow. The mountains also contain
many glaciers, which give the Nooksack a continuous supply of water.
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HYDROLOGY
To fiilly understand the Nooksack Delta, it is necessary to first look
at the river itself. All of the water that passes through the delta
originates in some part of the Nooksack River watershed. The water brings
with it sediments, glacial flour, and loads from agricultural and
industrial nmoff. Because of this, it is necessary to understand the
Nooksack River as an integral part of the delta system. Events in the
watershed can have a direct bearing on processes in the delta.
The three major tributaries of the Nooksack originate in the eastern
part of >/hatcom County, in the North Cascade Mountains, near Mt. Baker,
Mt. Shuksan, and the Twin Sisters. The Nooksack and its tributaries drain
an area of 782 square miles, of irtiich 37 square miles are in British
Columbia, Canada.
The North Fork of the Nooksack originates at East Nooksack Glacier
on Mt. Sh\iksan. Glacier Creek and Wells Creek, two major tributaries to the
North Fork, also originate at glaciers, and the river drains the north
slopes of Mount Baker as well. From its origin, the tributary follows a
westerly course, then turns south, joining with the middle fork about 5
miles upstream from Deming (river mile U2). The North Fork drains an area
of 293 square miles, and accounts for about hh% of the total flow of
the Nooksack
The Kiddle Fork of the Nooksack heads at the Deming Glacier on Mt.
Baker. From its headwaters, the tributary flows to the west and slightly
north, where it joins the North Fork to form the main stem of the Nooksack.
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This tributary is somewhat shorter than either the North or South Forks,
draining an area of 101 square miles, and accounting for only 16% of
total flow.
The third major tributary, the South Fork, originates near the
Twin Sisters Mountain to the southeast of Mt, Baker. The headwaters of
this tributary are at a lower elevation than the others, and the river
here is not fed by glaciers. From its origin, the tributary flows to the
south, entering Skagit County, then circles back to the northwest,
joining the mainstem just above the town of Doming (river mile 37.5).
The South Fork drains an area of 182 square miles, and accounts for 29%
of total flow.
Upstream from Deming, the tributaries of the Nooksack drain land
that is primarily rough and mountainous. This part of the drainage basin
is heavily wooded and much of the land is used for logging. As the
tributaries near the confluence, however, the river valleys tend to become
wider and much of the flood plains are used for agriculture. This is
particularly true of the “^outh Fork, which does not have as high
relief as the other tributaries.
From Deming, the main stem flows to the Northwest, passing by the
town of Everson, At the city of Lynden, the river turns to the south
and flows through Femdale, then on to the delta. This portion of the
river basin, which was once heavily wooded, has been completely cleared
of all virgin timber, and is now used almost entirely for agriculture,
particularly for cash crops and dairy farms.
The river’s current outlet is relatively new. In i860, a
large log jam dammed the Nooksack Hiver li miles upstream from its mouth,
which at that time was to the west of the present delta, at Lummi Bay.
The log jam caused the Nooksack to overflow into what had previously been
a small creek with an outlet in Bellingham Bay, The river stayed in
this course, sometimes alternating with its old outlet, until the 1920’s,
when the old channel was diked off. Since that time, water enters the
Lummi River (as it is called now) only through a controlled culvert, or
in overflow conditions,
Streamflow
Due to its origin in the high areas of the North Cascades, the flow of
the Nooksack tends to be directly related to snowmelt. Flow can be
extremely variable depending on temperature conditions as well as rainfall
at any given time. Average annual discharge is estimated to be 3»9iiO
cubic feet per second (285,1^00 acre-feet/year), but flows at different
times of the year vary considerably.
High flows are characteristic of the fall, caused by seasonal
rains and some melting snow. In the winter, high flows occassionally occur
due to heavy rains. However, the winter can be a time of extremely low
flow as well, since much of the precipitation is stored in snowpack. In
the spring and early summer, flows again increase from melting snowpack.
Late summer is usually characterized by low flow.
Since 1966, a maximvim flow of 37,iiOO cfs was recorded at Femdale on
December 3, 1975« Minimum flow for the same period was on November 197L,
with a recorded discharge at Femdale of 718 cfs.
Flooding
The Nooksack River floods to some degree on an annual basis. Most
serious flood conditions occur in the fall or winter months. Between
October and March, short storms, sometimes combined with snowmelt cause
floods to be of high magnitude, but of short duration. In the spring, average
flows increase due to melting snowpack at the river's headwaters, but high
flows in the spring are usually less intensive and of longer duration
than the fall or winter peaks.
Zero damage high flow is considered by the Army Coipis of Engineers to
be 19,000 cfs, recorded at the Deming gage station, (Flow recorded at
Doming tends to be about 10% less than the flow at the delta). It is
assumed however, that even at 19,000 efs, portions of the delta are
inundated, since zero damage flow is measured by the Nooksack being within
its banks at Deming, and bank conditions are quite different in the
delta area from the conditions at Deming,
The maximum recorded flow of U3j200 cfs (recorded at Deming)
occurred on February 10, 19$1, Flow of this magnitude is considered to
be a "12 year" flood, that is, the probability of such a flood occurring
is once in 12 years. At this flow, the delta was entirely inundated; the
sheet flow actually extended for 3 to it miles in the delta area, mostly
to the west of and including Marietta (Corps of Engineers, 1961t),
The Army Corps of Engineers estimates that under certain conditions of
temperature, snowpack, and rainfall, a flood of 83,000 cfs could occur,
almost twice that of the 1951 flood. (See flood plain map). Two
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major floods have occurred on the Nooksack in the Past six years. A
flood in 1975 reached a peak of 37,iiOO cfs, and in 1979, the river peaked
at 32,000 cfs.
Effects of Flooding at the Delta
Virtually all structures on or near the delta are subject to annual
floods, often of high magnitude. A study conducted in I960 by students
of Huxley College of Environmental Studies found that l8 structures
that had been present in the delta area prior to 1972 were not present
in 1978. Presumably, these structures were destroyed in the 1975 flood
(Allen, 1980). However, the study was done entirely from aerial photographs
and topographic maps, so these figures may be inaccurate. The structures
were no doubt inundated though, if not destroyed. There are several aban­
doned houses located along a dirt road just to the east of the main channel
off J4arine Drive, By all appearances, these houses have been damaged by
floods, and perhaps these are the structures in question.
The village of Marietta is adjacent to one of the distributaries in
the delta and is expected to be flooded annually. Flood damages in the
Marietta area for the 1951 flood were estimated to be about $12,000,
while a flood of 83,000 cfs would bring damages of $80,000} both figures
are for I96I1 prices and conditions (Corps of Engineers, 196U, p. 35).
Flooding may also have an effect on the upper delta area outside of
the study area, in that tidal dikes may be breached by high flows,
allowing brackish waters to intrude upon agricultural land. This salt
water intrusion may seriously affect productivity for up to three
years. (Corps of Engineers, I96U, p, 3U),
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The only other major effect of floods on cultural systems in the
study area is the flooding of Marine Drive. The road is iniindated
during most high flow conditions, and traffic must detour around this
area. Damages to the roadway itself are expected to occur, but
actual occurences and figures are not available at this time.
High flow helps to shape the character of the delta itself as well.
The Nooksack delta tends to have one principle channel to the bay. As
sedimentation occurs in that channel, the path of the water becomes longer
and less efficient. When the river is in flood stage, the water may overflow
into another, shorter channel, which the river will tend to stay in after
the flood recedes. In addition, flooding has an effect on sedimentation.
The amount of sediment that a river can carry is a function of discharge.
In times of high discharge, the Nooksack may carry a load of more than
300,000 tons of sediment per day, as well as logs and other debris.
When the moving river water meets the still water of Bellingham Bay,
the sediment and debris is deposited. Log jams often dam the openings
of the distributaries. This is a process that occurs continually,
but during floods, major changes in the delta may occur in a relatively
short period of time.
Flood Protection
Flood protection along the Nooksack is afforded primarily by
levees. At this time, there is no comprehensive diking system in the
flood plain, so levees tend to be built and maintained on a piecemeal
basis. However, much of the main stem of the river does have some
sort of bank protection or diking present on it for the protection of
rich agricultural lands. Diking District #1 has jurisdiction from the
northern boundary of the study area (Marine Drive), on either side
of the river to Femdale, The dikes that were originally installed
by the Corps of Engineers are now the responsibility of Diking District
#1 for repairs and maintenance.
Levees are found on the west bank of the Nooksack between the Lummi
River and the delta, around the town of Marietta, and on a piecemeal
basis along the east bank from the delta to Femdale, primarily to
fill in gaps between high river banks in this stretch of the river.
In addition to levees, bank stabalization is used in an effort to
control the river. The bank stabalization projects are largely designed
to prevent erosion as opposed to controlling floodwaters. Much of the
channel of the Nooksack is stabilized by rip-rapj large rocks placed against
the river banks. This is particularly true of parts of the channel
that flow through valuable agricultural land. The banks of the Nooksack
from the north of the delta to Femdale are almost entirely covered with
stabalizing materials.
Fireshwater Systems in the Delta
In the study area, the Nooksack River branches into five
major distributaries. Kwina Slough, which is actually a distributary
of the idver, branches from the main stem about 1/U mile to the
north of the study area. At the present time, there are about
8 miles of waterways in the study area, all of which are distributaries of
the main river. As may be expected, flow rates in the channels varies with
width and depth. In addition to the usual width-depth-discharge
relationship though, the flow of freshwater, particularly in the lower
portions of the delta, is affected by tidal action.
The course of the distributaries are subject to change due to
sedimentation, debids dams, and flooding, as is discussed in the section
on flooding. Although there is continuous change, the deeper and wider
channels usually have a higher and faster discharge, and they are prone to
continue performing as major channels for a time. This is because the
increased velocity of the distributary allows sediments to be carried
f arther out into open waters than in the slower, smaller channels. At
the same time, though, the larger channels do carry sediment, the coarser
of which is deposited at the end of the channel. If the sediment is not
dispersed by currents, it builds up and hinders the flow of the major
distributary, which will eventually find a shorter, steeper course to the
bay. This build up is evidenced by the relatively new (since 1972) islands
located at the terminus of the two major channels on the east and west
sides of the study area, which at this time carry the most water. The
changing course of the channels in the delta through time is a dynamic process
with flow rates and sediment load playing the major roles. These activities
are natural processes of the delta environment and cause the geomorphology
of the delta to be in what may be considered a "dynamic equilibrium,"
Measurements for depth were taken at various locations during low
tide. It was found that channel depth varies between 1 to 10 feet. Some
places are extremely shallow, particularly at or near the terminus of
each channel ^diere the river meets Bellingham Bay, and at the intersections
of 2 channels.
One of the major channels at this time is to the east of the study area
along Marine Drive, This channel is immediately behind homes in
Marietta and many boats are moored here. This channel was found to be
the deepest (7-10 feet), although relatively narrow (20-UO feet). The
entrance to the channel from the main stem is blocked by a large log jam.
Usually, a log jam blocking a channel will have the effect of decreasing
flow rate, which in turn allows more sediment to be deposited, eventually
choking off the channel. This is the case in many of the minor distributaries
However, this channel does not appear to be filling in and in fact is at
least twice as deep as the other channels measured. It is not known how
long the log jam has been blocking the channel, but it appears to hinder
flow to only a small degree, while at the same time diverting or trapping
some of the coarser sediment. This may explain the depth of this
distributary.
The other major distributary is the one to the west of the islands of
the delta. This channel is quite wide (80-120 feet), but shallow (3-5 feet).
It appears that this distributary carries the highest discharge.
Internal drainage systems within the islands do exist (Stenbak, 1972),
These drainage systems are poorly developed however; no flowing streams or
creeks were observed discharging from the islands, although there are
openings in the natural levees to allow for flood water runoff.
Much of the rainfall that falls on the delta drains as overland flow.
Runoff in the delta area is expected to be about 10 inches per year
(State of Washington, Dept, of Conservation, I960). Some of the
freshwater falling on the islands can be expected to be stored in fresh­
water marshes or wet areas in the interiors of the more developed islands,
since these islands have predominantly level interiors and low natural
levees surrounding them. Once such marsh is located at the southern
tip of the island formed by Kwina Slough,
WATER QUALITY
Surface Water Quality
The quality of a water body is measured in terms of the chemical,
physical, and biological properties of that water body. Parameters are
measures of the concentrations of these different properties. Water
quality criteria are the values placed on these parameters in order to
insure safe water quality for desirables uses. ( GH2M Hill, 197U)
Classification of surface waters in Washington state is based on
the following parameters;
1. Fecal coliform organisms
2. Dissoved oxygen
3. Total dissolved gases
U. Temperature
5. pH
6. Turbidity
7. Toxic, radioactive, and deleterious materials
8. Aesthetics
The various classes of surface waters are: Class AA (Extraordinary);
Class A (Excellent); Class B (Good); Class C (Fair); and Lake Class.
Each of these classes have a different set of criteria. (DOE, 1977)
The Nooksack River, from the mouth to river mile four (just below
Femdale,) is Class A water. (DOE, 1977) The criteria for Class A
waters are listed in Table U . See Appendix ^ for criteria concerning
the other classes. The United States Geologic Survey, in conjunction with
the Washington State Department of Ecology, recorded various water quality
data in the Nooksack River basin. Tables 5 to 7 show some of the
Table ^
Fecal Conform Organisms
(A) Freshwater-not to exceed a median value of 100 organisms/
liter, with not more than ^0% of samples exceeding 200
organismsAiter,
(B) Marine water—not to exceed a median value of 1U organisms/
liter, with not more than 10% of samples exceeding U3 or­
ganismsAiter.
Dissolved Oxygen
(A) Freshwater—Dissolved oxygen shall exceed &.0mg,/l,
(B) Marine water—Dissolved oxygen shall exceed 6,0 mg,A*>
except when the natural phenomenon of upwelling occurs,
natural dissolved oxygen levels can be degraded by up to
0,2 mg,A* by man-caused activities.
Total Dissolved Gas—concentration shall not exceed 110% of satura- 
tion at any point of sample collection.
Temperature—water temperature shall not exceed 18,0 C ( freshwater)
or 16.0°C ( marine water) due to human activities. Tempera­
ture increases shall not, at any time, exceed t«28/(T+7)
( freshwater) or t»12/(T-2) ( marine water),
t»permissive temp, change across the dilution zone.
T=highest existing temp, in this classification outside any
dilution zone.
When natural conditions exceed 18,0°C ( freshwater) and 16.0°
C ( marine water), no temp, increase will be allowed which
will raise the receiving water temp, by greater than 0,3 C,
Temperature increase resulting from non-point source activi­
ties shall not exceed 2,8°C, and the maximum water temp,
shall not exceed 18,3°C ( freshwater).
£H—shall be within the range of 6.5 to 8.5 ( freshwater) or 7.0 to
8,5 ( marine water) with a man-caused variation within a
range of less than 0,5 units.
Turbidity—shall not exceed 5 NTU over background turbidity when the
background turbidity is 50 NTU or less, or have more than a
^0% increase turbidity when the background turbidity is
more than $0 NTU,
Toxic, radioactive, or deleterious material--concentrations shall be
below those oi* public health significance, or which may
cause acute or chronic toxic conditions to the aqxiatic bio­
ta, or which may adversely affect any water use.
Aesthetic values—shall not be impaired by the presence of materials
or their effects, excluding those of natural origin, which
offend the sense of smell, sight, touch, or taste.
» Taken from Washington State Water Quality Standards, Dept, of
Ecology, 1977.
Table ^ Water Quality Data, Water Year Oct, ’76-Sept,’77
Date pH Temp, Turbidity
(JTU)
D.O, (mg/l) Total
Nitrate(mg/l
Total
P (mg/l)
dissolved
Ortho-P
(mg/l)
OCT 13 6.9 10.3 15 lO.li .08 .05 .00
27 7.U 8.5 7 10.6 .25 .05 .01
NOV 10 8.1i B,h U 10.6 .26 .03 .00
18 7*? 6.3 100 11.3 .111 .26 .01
DEC 08 7.3 6.8 55 12.1 .71 .18 .01
22 iIIh 6 12.6 .58 .03 .00
JAN 13 7.2 2,h 15 13.0 .67 .07 .01
2? 7.5 2.8 6 12.6 .63 .03 .00
FEB 03 7.3 3.8 h 12.0 .52 .02 .00
2? li.? ii5 12.0 .62 .15 .01
MAR 16 7.U ii.o 12.0 .67 .03 .01
31 7.7 7.7 5 11.3 .58 .02 .00
APR 13 8.3 5 11.1 .39 .03 .00
27 7.2 8.0 30 11.1; .20 .21 .01
MAY 11 6.ii 8.ii 6 11.0 .26 .03 .01
25 7.2 9.2 7 10.9 _/L9 .03 .01
JUN 15 7.5 13.2 15 9.8 .51; .01; .00
29 7.3 15.7 20 10.1 .22 .05 .00
JUL 07 7.0 13.1 7 10.5 .11 .03 .01
20 7.2 -^0________ .9.7 .20 .07 .01
AUG 03 7.0 17.5 30 9.1 .11 .08 .01
17 7.1 16.0 50 9.8 .09 .16 .00
SEP 08 7.7 13.ii 15 10.7 .11; , .10 .00
21 7.3 10.5 -Ji________ -10.9- ■ .08 .16 .00
Adapted from Water Resources Data for Washington, USGS Water Resources
Division, 1977
Table Water Quality Data, Water Year Oct. • 77-Sept.»78
Date pH Temp. Turbidity
(JTU) Total(mg/1) Nitrate(mg/1) Total DissolvedP (mg/1) Ortho-P
««=>'lngton. USDS WATER RESOURCES
Table 7 Water Quality Data for Water Year 1979
Date pH Temp.(°C) Turbidity
(NTU)
D.O. (mg/1) Total N
(mg/1)
Total P
(mgA)
Dissolved
Ortho-P
(mg/1)
OCT 25 7*2 7.8 26 11.0 .21 -Oil .01
NOV 15 JA. 6 12.9 .1;3 -03 nn
DEC 20 7.2 3.8 6 12.8 -.69 -02 nn
FEB 08 CVJ 12.7______ ;l.io -07 .01
MAR 07 7.1 ._.5..6 . 11;0 f\> • .1;? -07 .01
APR 11 7.3 7.1; 1 11.3 .1;3 -02 .00
MAY 16 7.2 10.7 11; 10.7 .18 .02 .00
JUN 27 7.8 15.0 12 9.6 ...09 .05 .05
JUL 18 7.6 17.U 18 ...9,h _ .13 -03 .01
AUG 29 -liL 15.6 21; ...9-h .08 -06 .00
results of these measurements for water years 1977, 1978, and 1979. (USGS,
1977, 1978, 1979)
In 1972 A Progress Report on the Investigation of Surface-water Resources
of the Lummi Indian Reservation was prepared by Garald Parker, Jr, for
the USGS, Emphasis was placed on analyzing the water around the perimeter
of the Lummi Reservation for pesticides, trace metals, and fecal coliform.
Three of the sample sites were closely associated with the Nooksack River
delta; site # 1 was operated on the Nooksack River at Brennan, Washington;
sites ff 2 and # 3 were operated on Kwina Slough (see figure below,)
Tables ^ , 9 , and IQ show the results for pesticides, trace-metals,
and fecal coliform counts in Kvdna slough at sample site #3. Table
lists the fecal coliform counts for site #1,
High fecal coliform counts were detected at all sites on some
occasions, the highest counts being noted in the winter months. This
may be due to higher overland flow at this time, flushing debris into
the streams, and possibly the preservative nature of near-freezing
waters in winter.
A noticeable water quality nusiance \diich occurs in the fall in
the Nooksack River is a condition referred to locally as ” Pea Slime",
Complaints by local fisherman are initiated by the appearance of a
brownish slime which entangles their fishing nets. No through inves­
tigation has been conducted as to the identification of the algae or
the cause of its proliferation. Observations of carrot chunks and
visible, odorous effluents from food processing plants up river from
the delta are a possible cause and need further inspection, ( Mackay,
personal conmiunication, 1981)
The Nooksack River Delta is a major productive area; it is a
prime feeding groxind for marine fishes, waterfowl, and shorebirds.
The delta also functions as a transition area for Juvenile salmon
during out migration and for returning anadromous fish. Any signi­
ficant changes in land or water use throughout the basin is bound to
effect the Nooksack Delta, The sensitivity of the Delta is compounded
by its critical location, ( Lummi Planning Dept,, 1978)
Analysis for bottom deposits. No pesticide traces were found in surface water.
Pesticide analyses, Kwina Slough at fish-pen canal near Marietta
July
Aug,
Sept,
Date
(1971) Aldrin DDB DDE DDT
Micrograms
Dieldrin
per liter
Endrin Hepta- 
chlor
Hepta-
chlor
epoxide
19 .2 .2 .7 .2 .2 .2 .2 ,2
10 .2 .2 .2 .2 .2 .2 .2 .2
17 .2 ,h .3 .2 .2 .2 .2 .2
19 .2 .2 .2 .2 .2 .2 .2 .2
2h .2 .2 .2 .2 .2 .2 .2 .2
26 .2 .2 .2 .2 .2 .2 .2 .2
.2 .B .ii .2 .2 .2 .2 .2
lii .2 .2 .2 .2 .2 .2 .2 .2
21 .2 .6 .7 1.2 .2 .2 .2 .2
28 .2 .8 .h .2 .2 .2 .2
30 .2 .2 .6 ,h .2 .2 .2 .2
(Continued)
Date
(1971) Lin­
dane
Chlor-
dane
Para-
thion
Methyl
Para-
thion
Mala-
thion
Diazi-
non
2,iiD Sil-
vex
2,ii,5T
July 19 .2 1.0 .2 .2 .2 .2 3.9 .li .5
Aug. 10 .2 1.0 .2 .2 .2 1.0 .3 .li
17 .2 1.0 .2 .2 .2 .6 .2 .2
19 .2 1.0 .2 .2 .2 2.1i .7 .6
2h .2 1.0 .2 .2 .2 1.8 .5 .5
26 .2 1.0 .2 .2 .2 l.ii .ii .U
Sept. .2 1.0 - - — 1.3 .li .liHi .2 1.0 .2 .2 .2 .9 .3 .3
21 .2 1.0 .2 .2 .2 liB .6 .6
28 .2 1.0 .2 .2 .2 m 2.1 .7 .730 .2 1.0 .2 .2 .2 ■■ tm 2,h .8 .8
Source; Parker, 1972
Trace-metals analysis. Kwina Slough at fish-pen canal near Marietta
Sample site #3.----------------------------------------------------
Table _9_
Micrograms per liter
Date
o <|>
o § >p iH•d o
. B COa. O 03e ^ *H
0)
e-i O
•d T5 T3
o 0) ^ (1>
> > g >
fH rH p iHO O •H O
CO CO C mCO O CO 0> CQ:d
•H Tl tH ^<D T)Nl CO
T3 TJ0)> - >
^ r-i E h .Jh O 3 o M0) (0 •H m P <0(X (Q S CO O 4JP,-H ■6 -H OO T) CD Tl 0) +5
O O s
1971
Aug.
10 17.0 0 2 10 0 2 0 0.1
12 17.0 0 1 0 - h 0 .013 17.0 0 2 10 -
h 0 .0
19 17.0 0 2 0 - 2 0
c
.1
16 17.0 0 2 10 - 2 .017 18.0 0 2 0 0 li 0 .0
18 18.0 0 0 10 m 1 0 .2
19 0 1 10 - 2 0 1.220
«•«•••»
0 2 20 - 3 0 .321 15.5 0 6 0 a* 5 0 .222 16.0 0 h 30 - - 0 .023 15.0 0 1 0 - 5 0 .32h 15.0 0 1 0 - U 0 .225 17.0 0 2 10 - 3 0 .026 16.0 0 2 20 - 3 0 .027 17.0 0 2 0 mt 2 0 .0
30 16.0 0 2 0 - 3 0 .031 lU.o 0 3 20 - 5 0 .3Sept.
1 13.0 0 3 ko - 3 1 .02 - 0 10 - 2 0 .33 12.2 - 1 0 7 0 .2U 12.1 - 2 10 - 5 0 .29 13.0 - 2 20 - 1 0 .210 12.2 - 0 20 - 1 0 .211 12.ii - 0 0 - 1 0 .212 12.3 - 0 10 -
h 0 .2
13 13.8 - 0 0 - 1 0 .2Ml 11.8 0 0 10 1 0 .2
16 12.8 0 0 10 - h 0 .318 0 0 10 - 1 0 .220 12.0 0 0 10 mm 1 0 .5
21 15.8 0 0 20 - 1 0 .322 16.1 0 1 10 - 0 0 .h2h 12.9 0 1 20 - 1 0 .225 15.2 0 0 20 - 1 0 .126 11.8 0 0 10 - 0 0 .227 11.0 0 0 10 7 1 0 .1
28 0 0 10 - 1 0 .3
29 9.5 0 0 20 8 2 0 .3
30
10.5 0 0 \Q
mm 1 0 .3
; Parker, 1972Source
Fecal-colifonn count, Kwlna slough at fish—pen canal near Marietta (Site ^3),
(Count in colonies per 100 milliliters, e, estimated; TNTC, too numerous to
count, I, collected by Lummi Indians)
Table 10
Temperature
Date_______ _____________ PC
1221
Aug. Oh 11:.5
11
12
17 16.0
18 H:.5
25 11:. 5
31 11:.5
Sept. 02 11.0
lii 12.5
21 13.5
22 12.0
29 10.5
30 9.5
Oct. 05 12.0
06 13.0
13 11.0
11: 10.0
19 8.5
20 8.0
27 5.0
28 3.5
Nov. 03 1:.5
01: 5.5
09 6.0
10 7.0
22 6.0
29 7.0
Dec. 01 7.0
07 5.0
20 3.5
22 3.0
27 .0
Jan. 03 2.0
05 3.0
10 2.0
12 2.0
17 3.0
19 3.0
Feb. 07 2.0
16 6.5
21 1:.0
Mar. 13 8.0
Sample 1
Fecal cJoliform
Sample
318 leak
61: 52
202 186
32 2h
36 1:8
206 180
168 180
220 22U
52 60
36 hh
52 hh
861; TNTC
360 236
188
96
101:
280
tm
Ihh
296 m368
108
96 112
301:
96
72
32 mm
220 -
16 mt
160
11:0
692 mm
56
118
202
1:28
211: mm
®760
mm
196
®1000
56 mm
Source: Parker, 1972
Table 11
Fecal-coliform count, Nooksack River at Brennan. Sample site #1,
(Goxint in colonies per 100 milliliters, e, estimated; TNTC, too
nmerous to count; I, collected by Lummi Indians)
Date Temp.(^C) Fecal coliform
• sample 1 sample 2
1971
Aug. k
12
lii.O 156
232 ®2U0
17 15.0 56 5U
25 15.0 52 61
Sept, 2 11.5 22U 226
21 11.5 72 ...
29 9.5 5UU TNTC
30 9.0 22U 200
Oct. 5 11.5 8U ...
6 12.5 92 ...
13 10.5 76
lli 9.0 156 ...
19 9.0 121; 13U
20 8.0 22U 162
27 5.0 18U
28 3.5 72 91;
Nov. 3 ii.5 88 ...
h 5.5 268
9 6.0 101;
10 7.0 60
22 6.0 8 ...
29 7.0 121; wmmmm
Dec, 1 7.0 32 mmmmm
7 6.0 36 .—
20 3.0 320 ...
22 h.O 96
1972
Jan. 3 3.0 100
5 3.0 6U ...
10 2.0 72 ...
18 3.5 161; ...
19 2.0 11;0 —
Feb. 21 5.0 28 ...
Mar. 18 6.0 U8 —
Source; Parker, 1972
Groimdwater Quality
Groxindwater results from the absorption of precipitation, in the
form of snow and rain, through the land surface to the water table.
The slope and shape of the land surface, as well as the underlying
rock material, determines the amount of groundwater present in an area.
The water table fluctuates with seasonal vairiation in the amoxint of
rainfall percolating to the saturated zone.
The Nooksack Delta is made up of sediment carried downstream by
the river. This sediment consists primarily of clay, silt, sand, and
gravel which is deposited as the river slows down, fans out, and foms
layer upon layer of alluvium. The alluvium is as thick as fifty feet
in some places but is generally less than twenty-five feet. Since
wells which tap alluvium generally yield less than five gallons of
water a minute, and because the area is underlain by salty ground- 
water due to intrusion from the bay, the delta area is unsuitable
for any development of fresh groundwater supplies. In the delta area
water has been found to contain concentrations of chloride greater
than 250 milligrams per liter. On the periphery of the delta, along
Lummi Shore Drive, there has been some grounwater development, but
due to problems associated with obtaining satisfactory groundwater
supplies, the area is being served by a public supply system which
transports water from Marietta, Groundwater quality is affected by
the presence of underlying salt water for over two miles upstream from
the Nooksack Delta,
BIOTA AND ECOLOGY
An estuary offers a rich variety of habitats for a number of species
by providing edge, or zones in which two or more types of ecosystems
come together. Woodland-meadow, salt marsh-mud flat, freshwater-salt- 
water, are some of the ecotones within the Nooksack delta. These eco- 
tones provide food, shelter, and breeding areas for fish, birds, mammals,
and insects.
A sedentary organism, on the other hand, must be adapted to
withstand enormous environmental variance with every change of tide.
Few plants or animals can tolerate such extremes. For that reason, the
diversity of salt marsh vegetation and benthic animals is quite low
within the delta.
Terrestrial Vegetation
Delta formation is accompanied by the invasion of sedges and rushes
which can withstand extremely variable conditions. Salt marshes grade
into tree stands on more established sites. The river being a source
of seed, the first trees are found in wings along waterways. Most of the
factors which affect plant distribution with the salt marshes relate to
elevation above tidelines, which in turn determines length of submersion,
salinity, soil type and stability, and available nutrients. In the
Nooksack delta, the tidal zones can be delineated as:
Intertidal: Elevation is less than 210 cm, above MLLW
(mean lower low water). Plants within this
zone experience daily inundation.
Transition: Elevation is 210-270 cm, above MLLW. Within this
zone, plants are submerged 11:7-361; days per year.
Extratidal; Elevation is 270 cm. or more above I'lLLW, Inundation
occurs 7U days or less in a year.
Length of submersion varies over the year, with the fewest hours per
day of submersion occurring during the growing season. As distance from
the bay increases, tidal fluctuation decreases.
Soil texture affects plant distribution within the delta. The
sand fraction increases in dominance as one approaches the bayward
side of the land masses, while loams occupy the higher reaches. The
water table is closest to the surface bayward, and consequently these
soils are more poorly drained than soils at higher elevations.
A gradient vegetation analysis conducted by Disraeli (1977), within
the delta, indicates that salinity is not a significant factor influencing
marsh plant distribution within this system. Surface and ground water
may both be saline, as may the soil.
Major Plant Communities of the Nooksack Delta
A, Bulrush Marsh
Pioneering the location with the most extreme environmental conditions
are plant communities dominated by Three Square Bulrush (Sclrpus americanus).
This area is characterized by sandy but poorly drained soils, Disraeli
recognized two plant comm\mities within this group:
-Three Square Bulrush/Spike Rush (Eleocharis palustris); Begins at
2h7,2 ^2.0 cm, above MLLW, a level which places it in the
transition zone. Plants in this community are inundated 212-296 days
per year. Associated species are Lilaeopsis occidentalis and
Ari*owgrass {Triglochin maritimum),
-Three Square BulrushAynghy* s Sedge (Carex lyngbyei): Found at
26ii.I|. ^ 1,8 cjti» above MLLW, the transition zone, and submerged
7ii-lii7 days. Other species found within this community are the
same as above. In addition. Pacific Silverweed (Potentilla pacifica)
is found in this zone.
B, Sedge Marsh
Located in the extratidal zone, the sedge marsh in inundated only
9-38 days per year. Sands are siltier than in the Bulrush marsh, and
the water table is deeper. Disraeli identified four community types
within this marsh:
Lyngby's sedge/Agrqstis alba; Pacific Silverweed codominates before
July, but decreases in cover later in the season. U occidentalis.
Jointed rush (Juncus articulatus). and Baltic rush (J. balticus)
also occur. This community covers the greatest portion of marsh­
land on the islands, grading from the Scirpus marsh to early tree
stands. The following are minor commvinities within the Carex/
Agrostis group;
Baltic ruah/Sprtngbank Clover (Trifolium wormsk.ioldii); Found
in small clunks sporadically throughout the Carex marsh,
Springbank Clover/Pacific Silverweed; Only distinct until about
mid-July, L. abundant in this community.
Jointed rush/Pacific silverweed; Evident after mid-sximmer, when
jointed rush have increased in numbers enough to compete with
Lyngby's sedge. Three Square Bulrush and L, occidentalis are
also important in this coramxinity,
C. Early Willow Stands
(Salix lasiandra and Pussy Willow (S^^^ scouleriana)/Lyngby's sedge),
ihese communities are found along the upper edges of Carex marshes, where
occassional inundation occurs. Dominated by the two species of willow.
Red Alder (Alrus rubra) and Paper Birch (Betula papyrifera) are
additional tree species. Lyngby's sedge continues to be important
in these regions. Other cover species include Pacific Silverweed,
Baltic rush, Bentgrass, Springbank Clover, Quillwort (Lilia sciltodes).
D, Established Willow Stands
Pacific Willow (Sallx lasiandra) and Pussy Willow/Rubus spectabilis.
More established willow stands occur on older land within the delta,
where tidal inundation is not a factor. Flooding from the Nooksack,
however, is not uncommon. Willows, Red Alder, and Cottonwood (Populus
trichocarpa form a complete canopy which restricts species composition
on the ground. Trees are large and established} the diameter (breast
height) of Cottonwood may range from 6O-8O cm. Below the canopy,
Salmonberry (RUbus spectabilis) is abundant, with Indian Plum (Oemlirea
cerasformus), Snowberry (Symohocarpus albus). Pacific Silverweed and
Bentgrass also occurring,
E. Mixed Tree Stands
Willows-Red Alder/Salmonberry. As one approaches the northern end
of the study area, one finds stands of large trees forming complete
canopies. Willows and Red Alder codominate these communities, with
Alder the tallest member. The vinderstory is so dense that penetration
is difficult. Evidence of flooding suggests the important role of the
river as a limiting factor in these stands. Beaver activity also seems
to be significant in these communities. The delta in this i*egion is
relatively old. A core sample determined the age of one many-trunked
willow to be lili years. Salmonberry and Snowberry are the dominant
understory species.
IF, Beaver Marshes
Contributing to the diversity of the delta are wet meadows, which
may be maintained by beaver activity within the sloughs. These meadows
enrich the biota of the delta by providing "edge". They offer important
nesting and feeding sites for birds. Meadowspecies include Lyngby's
Sedge, Baltic rush, Bentgrass, and the lovely yellow Iris pseudacorus.
Insects
The period during which this study was conducted was too early for
analysis of insect populations. It should be noted, however, that adult
and larval insect forms serve as important food sources for fish, small
mammals and birds. In addition. Bumblebees were observed pollinating
Pacific Silverweed on an island within the delta.
Birds
The Nooksack delta study area lies within the Pacific Flyway,
which is all the known resting, nesting, feeding, and rearing areas
along the Pacific coast which serve migratory species (Jones, 1979).
Many birds are full-time residents of the delta, and take advantage
of the high productivity of the delta ecosystem. The list of birds,
both migratory and pemanent, include bald eagles, hawks, gulls, terns,
loons, grebes, owls, herons, geese, osprey, cormorant, ducks, and various
songbirds.
The tidal flats seem to attract the scavengers while the diving
birds are found in the river current. There is also several marsh areas
where ducks and geese are found. Great Blue Heron inhabit all parts
of the delta, while Bald Eagles seem to remain out on the tidal flats.
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These two species are of particular concern because their habitat is
threatened due to activities of man. The delta is one of the few remaining
areas of Whatcom County where development has not forced the Eagles and
Herons out.
The National Audubon Society has compiled a survey of those birds
that are Blue Listed species. (Species more common and often more wide­
spread, which for any number of reasons appear to be suffering in all
parts of their range from non-cyclical decline.) Species found in the
delta area include Red-Throated Loon, Western Grebe, Double Crested
Cormorant, Great Blue Heron, Sharp-Skinned Hawk, Loopers Hawk, Bam
Owl, Bewicks Ween, Marsh Hawk, and Osprey (Jones, 1979).
Mammals
The Nooksack delta study area is home to a variety of mammals.
These mammals inhabit the waterways and islands of the delta, as well
as the forested land adjacent to the delta. Common mammals found in this
part of Whatcom County are blacktailed deer, red fox, racoon, opposum,
beaver, river otter, muskrat, shrew, mink, longtailed weasel, meadow mice,
porcupine, and skunk. The river islands of the delta are unique in that
there is no easy access to and from the islands. This makes the ecosystem
somewhat isolated. Because of this, large land mammals would not be ex­
pected to reside on the islands, although many small rodents and river
mammals do. Signs of small burrowing rodents were found on the islands,
but seemed limited to the areas not inundated by salt water at high tide.
Because of almost yearly flooding, the delta is a harsh environment for
those mammals not adapted to aquatic life.
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Aquatic Organisms
£lanl^; Phytoplankton are not significant residents in the
delta. Webber found that phytoplankton blooms in Bellingham Bay
correspond to the low-flow periods of the Nooksack liiver, suggesting
that low salinity or high turbidity from the river stress phytoplankton
during peak flow periods.
Freshwater plumes from the Nooksack also stress zooplankton in
Bellingham Bay. Webber described a rich diversity of larvae and fish
eggs immediately below the freshwater layer in the bay.
Benthos: Diversity of bottom-dwellers is low in the delta, with
a relatively high evenness of individuals between species.
Nemerteans, polychaetes, crustaceans, and molluscs were reported by
Martin (1975). Density is low due to differential interstitial
salinity. Species are distributed in relation to substrate type, and
individuals may migrate to areas with the appropriate mud/sand ratio.
Benthic organisms may accumulate sand, mud, or organic material to
create the specific sediment microstructure to meet their unique
substrate requirements; however, for most species, too much mud is
deleterious. Organic material from the river does not appear to affect
the diversity of benthic species in the delta by increasing biological
oxygen demand.
The Nooksack delta offers the largest shellfish habitat in Bellingham
Bay. The area between high and low tide is nearly a half-mile wide.
Butterclams and Polluted Macoma inhabit this area, though freshwater
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influence keeps density at low levels. Nearby, Portage Bay houses a
hSO acre Giant Pacific oyster bed. The river mouth appears to be an
important nursery ground for ©ungeness crab. Benthic algae inhabit the
delta mud flats. These photosynthesize when inundated with a small amount
of water,
A complete list of benthic species is given in Appendix II ,
Pelagic Fishes
Chinook, Coho, Pink, Sockeye, and Chum saLmon are important
migrants in the delta. An aggregation area for adults is located in
the waters directly off the mouth of the river. Between the different
species, migration of adults occurs largely between the months of March
and October, This period corresponds in part to summer low flow
conditions. Spawning sites for Chinook and Chum have been reported
up to one mile from Bellingham Bay, Juveniles of Chinook and Coho
return to the Bay during the spring run-off. The delta is a significant
transition zone for millions of juvenile anadromous fish on their sea­
ward journey. See Appendix II for a complete species list.
The Ltimmi Department of Fisheries also reports trout, Steelhead, Char,
Cutthroat, Sturgeon, Shad, and Candlefish as important commercial
and sport fishery species found in the delta. Non commercial pelagic
species within the delta include Sculpin, Goby, and Flounder, Many
species of fish find dynamic estuarine conditions unsuitable for
habitation. Limiting factors in the estuary ecosystem include relatively
warm temperatures during summer low flow, unstable stream bed, limited
food supply, water quality degradation from upstream sources or industrial
discharge into Bellingham Bay, and widely variable river discharge.
Interrelatlonshlps
Although categorizing an organism as a terrestrial or aquatic
species simplifies biological assessment, it must be kept in mind that
the land and water communities are part of a single ecosystem, 'Phe health
of aquatic organisms is rooted in the terrestrial community, and likewise,
the plants and animals which inhabit the islands and shorelines depend
on those which inhabit the water and sediments. In addition, the ecology
of the delta depends on inputs of material and energy from the Nooksack
River and Bellingham Bay, A simplified food web is depicted to demonstrate
the indiscriminate flow of material and energy across the land/water
interface (see Figure ^ ),
Plankton and detidtus from the river and bay are filtered into the
food web by tube worms and clams in the mud and sand. Bottom-feeding
fish consume these animals, as do many shorebirds whose long,
pointed beaks are adapted to probing the sediment. Many shorebirds also
feed on fish. Some species of land mammals depend on fish, while others
consume insects. Meadow and woodland plants are primary producers within
the delta, and are grazed by insects, mammals, and birds.
The food web is complex. Disruption of what may appear to be an
insignificant component of the system may have serious and unforseen
consequences on the biological structure of the Nooksack delta.
Further, the existence of estuaries is essential to many life forms which
may not acttially live within the estuary boundaries.
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HAZARDS
The major hazards that would be expected to have an effect on the
Nooksack delta are flooding and seismic activity. Flooding in the
delta area occurs on an annual basis and can be quite severe. In com­
parison to floods, the probability of earthquakes is quite low, but
since Whatcom County is in an active seismic zone, seismic activity must
be considered as a possible hazard.
Flooding and seismic activity are discussed in further detail in
the sections on Hydrology and Geology.
Volcanic Activity
Mt. Baker, which about SS miles to the east of the delta
is considered to be a potentially active volcano, and must be considered
as a possible hazard to the delta area. In the event of a major eruption,
the delta would likely be affected by ash fallout. However, the primary
effect on the delta in the case of major or minor volcanic activity is
the effect that an eruption woiild have on the headwaters of the Nooksack
River. Literally millions of tons of water are stored in the glaciers
and snowpack of Mt. Baker. As in the case with the Mt. St. Helen's
eruption of I98O, the extreme heat as well as the force of an eruption
would cause massive amounts of water and mud to be discharged into
the river. It is possible that the flow of the river could be
altered or discontinued temporarily or permanently, which of course
would have a major effect on the delta. Hazardous situations in the
delta may occur from extreme flooding, mudflows, or extremely high
sediment discharge that would be deposited in the delta, drastically
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altering the environment in a very short time.
Fires
The delta is an extremely productive area. Large expanses are
covered by grasses and early tree stands, with some of the older
areas covered by more established trees. Forest understoiy is
extensive. Even though the delta is a quite wet, marshy area for much
of the year, it is expected that during dry seasons the area may be
quite suceptible to fires. Many wooden dwellings and abandoned
buildings in the study area and in Marietta would be susceptible as
well. Since lightning storms are very uncommon in Western Washington,
this does not pose a serous threat. Because the delta is visited by
man, any fires occurring would probably be started artificially.
Cultural Environment
BACKGROUND
" For centuries the Lummi Indians lived on the San Juan, Orcas, Lopez
and Lummi Islands in Puget Sotind, Every spring, Indians from other tribes
to the north came, $0 to 100 in a canoe, to wage war. Because they were
essentially a peaceful people and because the islands were open to attack,
the Lummi*s migrated to the Mainland, settling around Bellingham Bay.
There, in three bands, they built their homes around the Liunmi River
Delta. Later a Lummi Villiage was located directly west of the present
town of Marietta; but when a log jam in the Nooksack River flooded the
Village, the people moved to Fish Point,
The Lummi’s have always depended upon fishing as their main source
of sustenance. In warm weather, they moved from place to place, camping
along river banks and beaches, fishing and gathering clams, oysters,
berries, eind wild roots. The men hunted extensively and caught wild fowl
in nets. In the winter, the people settled into their cedar built long
houses with as many as I4.O families living together. Grass mats separa­
ted the families and a big fire in the center provided cooking facilities
and warmth, Lummi women were skilled at diying and cooking wild foods.
They wove beautiful baskets with dog hair, feathers and cedar bark.
Great celebrations and potlatches were held with feasts, games, contests
and gift-giving featured.
The Lummi*s first recorded contact with the white man was in 1592
when a Spaniard, San Juan de Fuca entered the Straight now bearing his
name. About 1765, another Spaniard, Juan Perez, in the ship Santiago
explored the coast of Vancouver Island. In 1775 the Santiago again
sailed into the area, commanded by Bueno Hecetta who landed at Point
Grenville on the mouth of the Hoh River and claimed the area for Spain,
In 1789, the American Flag was planted in the area by Captain Kendrick
of Boston.
In 1855* Issac I. Stevens, Governor and Superintendent of Indian
Affairs for the Territory of Washington negociated the Point Elliot
Treaty with all Western Washington Tribes north of the present city of
Seattle, In this treaty, the Indians ceded all land between Olympia
and the Canadian border for annual payments of money, protection of cer­
tain hunting and fishing rights, for implements, smithys, carpenters,
doctors, and schools. The territory called Ca-Choo-Sen ( the home of the
Lummi’s) became the home of the Nuh-Lumrai’s or the combined Tribes of
Lummi, Samish, Skagit, Semiahmoo and Nooksack, Later the Nooksacks re­
turned to their original village. During 1855-56, the Indian wars
raged but the Lummis remained peaceful and in 1858, the Lummi Reseirva- 
tion was established.
When the white man arrived the Ltimmi Chief was Chow-Its-Hoot, In
1875* he was succeeded by Chief Kwina, who ruled the Lummi's for over 50
years, Kwina succeeded in 1926 by August Martin who was followed in
1968 by the present chief, James McKay."( Lummi Tribe, 1971)
Before the advent of white man the Lummi People had developed a
culture that was in balance with coastal zone ecology. From the coastal
zone the Lummis could obtain food and materials for clothing, shelter,
tools, canoes, and art to meet most of their needs. This way of life con­
tinued for centuries without adversely affecting the coastal resources,
( L\immi Planning Dept,, 1978)
Population
The Preliminary 1980 Census Statistics show the Lummi Reservation
population as being 227li with a breakdown as follows:
1001 White
1261 American Indian, Eskimo, and Aleut
2 Asian
32 Spanish
Indian Population
According to a Bureau of Indian Affairs survey in 1975 the number
of Lummi tribal members stood at 2500, ( Parametrix, 1975) At that
time 1800 ( 72%) lived on the reservation, a substaneially higher number
than was quoted in the Preliminary 1980 Census,
Non-Indian Population
In 1975, the non-Indian population was estimated at 1600 persons,
( Parametrix, 1975) Many of these people are government employees or re­
tired property owners. ( Caldwell, personal communication, 1981)
Table 12 shows population by percent and age and also a population
pyramid based on age and sex percentage distribution.
Table 12
LUMMI: PERCENT OF POPULATION BY AGE AND SEX
AGE FEMALE MALE
0-h 5.5% 5.7%
5-1U io:i?6 10.U%
15-2U ^2,h% 13.6%
25-3li 8.7% 7.5%
35-Ui h.6% lu9%
U5-6U 6 Mo 6.3%
65-Over 2.0% 1.9%
h3,l% 50.3%
Taken from the Enrollment Office
LUMMI: POPULATION PYRAMID BASED N
AGE AND SEX PERCENTAGE DISTRIBUTION
M____
2B-3U
65-Over
FEMALE 0% ■''•ALE
i
Figure 3
Growth Trends
In the last decade total population on the reservation has in­
creased greatly, with the non-Indian population increasing at a much
faster rate. The total number of Indian and non-Indian residents ex­
pected to be living on the Reservation by the year 2000 is 25U9 and
1725 respectively. ( Parametrix, 197^)
SOCIAL STRUCTURE
Indian Community
The Lummi Tid.be is a young population with an average age un­
der 21; years. Improvements in health care, housing and other social
services have caused a growth rate of 3.5% per year after many years
of slow growth.
Despite the incorporation of wider skills and technology into
their life styles, the Indian community has seen a resurgence of its
cultural heritage the past decade. There has been a revived interest
in traditional institutions such as the Smokehouse with its ceremonies
and dancing, which help preserve traditional values, (Oreiro, 1979)
Non-Indian Community
In 195U, there were less than six white families on the resenra- 
tion. On the whole, the I6OO non-Indian residents on the reservation
do not represent a cohesive community. Most of them are recent arri­
vals, work off the reservation, or are retired. The ferry to Liunmi
Island brings transient visitors on a seasonal and a daily basis,
(Oreiro, 1979)
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The relationship between the Indian and non-Indian communities
brings about much tension. Many of the non-Indians ignore or dis­
respect tribal policies and ordinances. An example of this is the
Reservation tidelands, all of ^riiich are owned by the Tribe in fed­
eral trust. There are a mumber of non-Indians who have installed
bulkheads, taken shellfish and have denied beach access to Tribal
members, (Oreir®, 1979)
LAND OWNERSHIP
Almost all of the Nooksack Delta study area is on the Lummi
vno-t"
Indian Reservation, The land on the delta that i^within the Reser­
vation boundaries is owned by either private individuals or the
State of Washington. All of the delta tidelands are on the Reserva­
tion. The State of Washington owns a strip of land designated on
the Whatcom County Assessor's map as " state tideland". The label
" state tideland " refers to the beach location of that strip of land
before accretion and growth of the delta created a new tideland.
Land on the Reservation is held in trust by the U.S, Government
for either the tribe or for an individual Indian or group of Indians.
The Allotment Act in the l800's originally allocated all of the Reser­
vation land to individual head's of households. ( Caldwell, I98I)
When a landholder died without heirs, moved off the reservation, or
sold the land to the tribe, the land became ” tribal trust land”.
Most of the Nooksack Delta is now held in trust by the U.S, Govern­
ment for the Lummi Indian Tribe.
PUBLIC SERVICES
Public services in the delta study area are limited to the per­
ipheral areas of Marietta, Marine Drive and Lummi Shore Drive.
Marietta is supplied with water from the city of Bellingham, some of
which is further transported through water lines along Marine Drive
and Lummi Shore Drive.For residences in these areas, use of water
from wells is extremely limited due to the mderlying saltwater wedge
in the delta area.
The Lummis have recently formed a sewer district which will serve
the entire reservation and will therefore, eliminate the need for sep­
tic tanks and drain fields. However, Marietta, which is not included
in the reservation, either deposits sewage directly into the river or
into cess pools adjacent to it. Concern has been voiced over the ef­
fect these practices may have on the river and delta.
Fire protection for most of the reservation is supplied by
county owned, unmanned, volunteer Fire District # 8, Their equip­
ment includes three pump trucks and one panel truck. Marietta has its
own fire district, however the station is located east of Interstate
5, it miles from the area.
WATER RIGHTS AND WATER USE
Water Rights
Water rights in the Nooksack basin are based on the western sys­
tem of prior appropriation. The Winters Doctrine of 1905 declared
that the establishment of an Indian Reservation automatically reseirved
water rights for that reservation. ( Caldwell, personal commxinication,
1981) The Lummi Indian Reservation predates Washington statehood,
therefore the Lummi claims have legal priority over other water claims
on the Nooksack.
In the early part of this century many claims were left unused
which resulted in uncertainty when determining which claims actually
had priority. The rights of an unused claim may be challenged in
court and the court may rule that long periods of non-use may consti­
tute forfeiture of rights. No law or system exists concerning the
rights of unused claims so courts consider the cases individually.
Indian Reservations are traditionally exempt from loss of rights due
to non-use because of past technological or economic disadvantages.
The right to pure water is increasingly becoming a vital factor
of water claims. Courts have so far upheld the right to pure water.
Phase II of U.3. vs. Washington ( the Boldt Decision) has ruled that
tribes have the right to protect their fisheries by defining accepta­
ble water quality, determining minimum streamflows and allowing up­
stream water diversions. Almost all of the Nooksack Delta and the
final two miles of the river are on the reservation, therefore, the
Boldt II ruling potentially grants the Lummi Indians broad control
over upstream uses;:on the Nooksack Basin
Water Use
Precise measurement of water being drawn off the Nooksack River
is virtually impossible. All water users are granted permits which
allow a maximum volume of water that can be used, but an accurate,
comprehensive measure of actual water use does not exist.
The low flow of the Nooksack River occasionally falls below the
total amount of water right permits. If all permits were fully used
during a period of low flow, water would not remain for the lower pid.-
ority users. The consequences of overallocation of the Nooksack River
requires careful consideration by the water users and regulators of
the river.
As of 1980, the rtght permits in the Nooksack Basin, excluding
the Reservation, totaled 769 cubic feet per second { cfs),( McKay,
1980) The reservation has very flexible water rights, therefor per­
mit limits are impossible to calculate. The Water Resource Inventory-
Phase II, published by the Lummi Indian Reservation, lists water de­
mand according to aquaculture, irrigation, commercial, stock and wild­
life, and domestic uses, ( Zubalick, I98O) The total water demand by
the Lummi Reservation in I98O was 8,709*209 gallons per day which con­
verts to 13.5 cfs, ( See Tsto3*r<L3 )
The greatest increase in demand for river water since WWII has
been irrigation, ( State of Wash,, I96O) According to McKay, ( Fig­
ure ), the water right permits in the Nooksack Basin as of 198O
5
i
5
(
{
r4
were distributed as follows: Irrigation- 12.2%
Municipal- 3li,6%
Industrial- 12.6%
Power- hO,h%
Table
Water Demand of the Lummi Indian Reservation
____________________ 1980
Use
Domestic
Aquaculture
Irrigation
Stock and Wildlife
Commercial
Total
Gallons/Day
379,700 ,
l,hh X lo5
6.88 X 10^
6,500
____LOOP ■■
8,709,200 » 13.5 cfs
(Zubalik, I980)
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EXISTING LAND USE
Land Use and Zoninp^ Plana
The delta is currently under two planning jurisdictions: that of
the Whatcom County Planning Department, and that of the Lummi Planning
Department. Reservation land, being a federal entity, is not subject
to county jurisdiction. However, because some land on the reservation
is owned and/or leased by non-indians, Whatcom County does attempt to
enforce its plan to a certain extent. Inconsistencies and incompatibi­
lities exist between and within the two plans concerri^?arious parts of
the reservation. Within the delta, the Whatcom County plan designates
the area as ‘agricultural*, yet their zoning map has the area zoned
'general protection*. The Lummi plan designates the delta as 'park- 
recreational* and it is unzoned. As a solution to help resolve the
conflicts with the two plans concerning the delta, GPA Consulting Services
has recommended that Whatcom County change their designation to -recreational*
land use and‘conservation-open space' zoning. It was also recommended
that the Lummi plan should zone the area as -natural* and change land
use to -marsh-delta.* The Lummis have subsequently followed these recom­
mendations and the area will remain in its natural state.
Housing
Housing units within the delta study area are primarily located in
Marietta or along Lummi Shore Drive. Nearly all of the iil dwellings in
Marietta are in poor condition, 000+ u
i east or liarietta, houses are in quite
good condition. Along Marine Drive, in the upper central delta, there
are three houses occuppied by Lummis. Just off Marine Drive, along the
east side of the Nooksack channel, there are nine unoccupied houses, in
79

dilapidated condition, apparently flooded out during the 197^ flood.
Along the stretch of Lummi Shore Drive included in the study area there
are thirty housing units, the majority of which are occupied by indians
and located on the west side of the road. These \inits are in fairly good
condition and because of their elevation are relatively immune from
flood hazards.
Recreation
The Nooksack Delta currently has no developed recreation sites.
The delta is in a largely natural state and its present use can be
described as preservation. Public access to the estuary exists in
Marietta on Commercial Street. Public areas near the delta consist of
undeveloped county parks at Fish Point and at the Marine Drive Viewpoint.
The Lummi Plan has identified the delta as a proposed park site
and the Reservation has hopes of eventually building a marina near
Fish Point. The Whatcom County Department of Parks and Recreation has
identified the I'larietta Bay marsh and the Nooksack delta as potential
acquisition areas (Jones and Jones, 1976), However, no plans are
being made by either the county of the Reservation to develop recreation
areas on the delta in the near future.
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Transportation
The study area is bordered by two roads: Marine Drive and Luirani
Shore Drive, Both of these roads are maintained by Whatcom County,
and are the only through roads in the study area.
Marine Drive begins in Bellingham and runs westward along Belling­
ham Bay until it meets Lummi Shore Drive on the Lummi Indian Reservation.
It is a major arterial roadway. Access to the Lummi Reservation is
gained via Marine Drive or Slater Road, a state highway. Marine Drive
is the lesser used of the two access roads, with an average daily traffic
count of 3058, measured just after the intersection with Country Lane,
(All traffic counts are for 1979. The average daily traffic count is
expected to have increased by 10% or less since that time.) Most of the.
traffic along Marine Drive does not pass through the town of Marietta,
as Whatcom County has put in a by-pass road to better route traffic across
the unnamed slough just north of Marietta. (See site map). The by-pass
road. Country Lane Extension, leaves Marine Drive about 3/U mile to the
east of Marietta, and routes traffic around the town of Marietta via
Country Lane, Vehicles re-enter Marine Drive immediately to the east
of the unnamed slough.
One portion of Marine Drive, immediately to the west of the main
stem of the Nooksack River, is in very poor condition. Whatcom County
has had numerous problems with this road due to the fact that the road­
bed is on extremely unstable, unconsolidated alluvium, and is not sta­
bilized by pilings. This part of the road also lies in the flood
plain and is subjected to flooding on an annual basis.
Road width of this portion of Marine drive varies. Upon entering
the study area to the Country Lane intersection, the roadway is 22 feet
wide, with 1 foot shoulders. From this point to the intersection with
Femdale Road, Marine Drive is 22 feet wide with 10 foot shoulders, and
the remainder of the road is 20 feet wide with foot shoulders,
Lummi Shore Drive, which is a secondary county road, runs north- 
south along the eastern edge of the Lummi Peninsula and borders the
western portion of the delta. This roadway provides access to and from
residences along the eastern shore of the Lummi Reservation, It is al­
so a route to Gooseberry Point, where the Lummi Island Ferry Terminal
is located. The majority of traffic from the southern portion of the
reservation and Gooseberry Point is not along Lummi Shore Drive, how­
ever, but along Haxton Way which runs along the western shore of the
reservation. Traffic count along Lummi Shore Drive is an average of
about 730 per day, ( 1979 figure) The entire roadway is 20 feet wide
with U foot shoulders.
Increases of average daily traffic counts for both Marine Drive
and Lummi Shore Drive over the past 5 years have stayed in the same
range as the average increases for other Whatcom County roads,
( Nichols, personal communication, I98I)
Accidents
Marine Drive has had a higher number of accidents per year than
L\immi Shore Drive, This may be due to the higher traffic counts along
Marine Drive, Most accidents in the past 5 years have occurred at the
three intersections within the study area. The table below shows acci-
dent figures for the two roads since 1977
NUMBER OF ACCIDENTS
Year Luinmi Shore Drive Marine Did.ve
1977 2
1978 5
1979 3
1980 2
1981 0
(Jan.-Mar.)
12
8
7
5
6
(Whatcom Co\mty Engineer's Office, I98I)
Table lU
DEVELOPMEIiT TRENDS
The delta has been designated as a natural area and is therefore
extremely limited to most types of development. Types of development
such as housing, industry, or commercial would be impractical and
unwise because of the lack of satisfactory groundwater, the flooding
hazard, and the danger of the everchanging course of the river. Agricul­
ture and forestry offer a possibility for development in the future as
areas in the upper delta mature and are not inundated by sea water.
Recreation and fisheries have the highest potential for development anJ
are perhaps the most appropriate. The area supports a diverse abundance
of plant and animal life; it offers scenic beaches, sloughs, and
marshlands for passive recreation such as picnics, canoeing, educational
field trips, and beach combing, A rearing pond already exists in the
delta, however, further studies are needed to determine the economic
practicality of another complete fishery, as one currently functions
on the Lummi Eiiver delta. At the present time, the Lummis have no
plans for the delta except to let it remain in its natural state.
ECONOMY
Economic Characteristics
For many years the Lummis subsisted on the reservation lands with
the major income to the tribal members coming from fishing* In April
1966, the Lummi Community Action Program created and supported a per­
sonnel staff on the Reservation, In I968-I969 a Federal grant gave
real hope for an economic futujre for the Lummis with an ” Aquaculture"
project. This project produces oyster, trout, and a steelhead hatchery.
The project employs hundreds of Lummis and allows them to preserve
their heritage as farmers of the sea, ( DSHS, 1973)
Tribal Income
The various Federal and State Domestic Assistance programs are
the largest factor contributing to Tribal income. Approximately h76
Tribal members were employed by these programs in 1979. ( Lummi Indian
Overall Economic Development Plan, 1979) The funds through these pro­
grams aid in training Tribal members in various technical and admini­
strative skills and improving overall employment opportxinities for
those in the programs. Because these programs provide training and
not an actual economic environment, the net effect may be to force
tribal members to seek employment off the reservation.
Other areas of employment which are largely funded by Federal and
State Domestic Assistance are:
Lummi Indian Tribal Enterprises which employs 100 full time and
50 part-time employees in the areas of construction, processing,
fish and oyster harvesting, fish vaccination and marketing.
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Lumml Indian School of Aquaculture which employs 11 full-time
^ teachers training Indian students in various aspects of the aqua­
culture operation. The average annual salary is $9,000.00.
^ Community Services which employs about SO persons in the areas
of counseling, administration, and health. The average annual
salary is $7,000.00.
I
Tribal Operations which employs about hS persons in the areas of
planning, administration, enrollment, accounting, and mainten-
^ ance. The average annual salary is $7,000.00.
( Oreiro, 1979)
^ Each of the several tax systems on the Reservation serves a spe­
cific purpose. The current tax system includes taxes on the sale of
fish ( $0.02 per pound of catch), cigarettes, and recently, liquor.
^ ( Oreiro, 1979)
Because there is no individual taxation system the Tribe must
I subsidize the Tribal operations through the revenues obtained from
fish, cigarette and liquor taxes. Although the fish tax is a signi­
ficant amount it is used to compensate for the legal fees associated
^ with the Boldt decision. Actual revenue from the fish tax must take
into consideration 1) calculations of each fishermans total catch;
2) compiling the appropriate catch information from the buyers; and
> 3) collecting the tax from the individual fisherman, ( Oreiro, 1979)
The fisheries enhancement program, or the Aquaculture program.
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represents a commitment by the Tribe, its
resources, and its time for the benefit of the individual Indian fisher­
man and of the fishermen who use the northern Puget Sound fishery.
It is hoped that this program will effectuate a taxation program.
( Oreiro, 1979)
It is estimated that by consolidating the individually owned
smokeshops under a single Tribal management the overall taxation ef­
ficiency would be increased by 100^, This way of utilizing the cur­
rently successful sale of cigarettes on the Reservation would provide
a significant amount of funds to be used for various Tribal programs.
( Oreiro, 1979)
The program of liquor sales began in October of 1979 and is cur­
rently estimated to generate a gross annual revenue of $12,000.00.
This operation is being monitored by the Lummi Indian Business Council
and its management is crucial to its success as a means of generating
taxes on the reservation, ( Oreiro, 1979)
Table iS is a report of the Lummi Labor Force for
April, 1979. ( Oreiro, 1979)
REPORT OF LUMMI LABOR FORCE
Data are for April, 1979
Total Male Female
260h 1159 1hh5
637 31 h 323
196? CO 1122
632 1L5 U87
1335 700 _ 635
. 619 . 3U0 279
539 296 2U3
80 hh 36
716 360 356
293 177 116
Total Resident Indian Population............
Total under 16 years of age.................
Total 16 years and over............. .
Total not in labor force ( 16 years and over)
Potential Labor Force ( l6 years and over)...
Total Employed..............................
Employed, earning $5,000 or more a year......
Employed, earning less than $5,000 a year....
Not employed.................................
Of these, persons actively seeking employment
Prepared by; David Oreiro
Planning Director
Lummi
ATTACHMENT; Superintendent's
Evaluation of Data
Area Director; Portland Area Office ACTING Superintendent; V/estem
Washington Agency
Table 1
Economic Activity
The leading economic activity in the Nooksack River Delta is the
fishing industry. The major commercially important species present
are: Chinook ( Oncorhynchus tshawytscha); Coho ( Oncorhynchus
kisutch)j Pink ( Oncorhynchus gorbuscha)j and Chum ( Oncorhynchus
keta).
100,000 harvestable Chinook salmon run upstream annually. The
average fish weighs 17 pounds and is worth approximately $2,00 per
pound. This makes the Chinook fishery potentially worth 3.5 million
dollars, 100,000 Coho salmon return to the Nooksack annually, the
average fish weighing 8 pounds and bringing about $1,70 per pound.
Therefore, the Coho fishery is worth approximately 1,3 million dol­
lars, The Pink salmon are regularly more abundant in odd number
years. Figures for 1979 reveal that 20,000 Pink salmon were harves­
ted; these fish averaged 6 pounds and brought about $0,20 per pound.
( Paul Hage, personal communication, 1981) There are no recent data
available for the Chum salmon fishery, due to the low number of these
salmon returning to the Nooksack.
The Lummi Indian Tribe operates two fish hatchery and rearing
facilities, one in Lummi Bay and the other on Skookum Greek. These
facilities contribute 55% of the Coho in the Nooksack River and an
unknown percent of the Chinook, ( Paul Hage, personal communication,
1981) Salmon produced or reared in the Nooksack Basin waters contri­
bute to U,S, and Canadian Pacific Ocean Fisheries, ( Wash, State Dept,
of Fisheries, 1975)
The Luirani Indians intensively fish the lower Nooksack River and
the Marine waters immediately adjacent to the river mouth. Figure $
shows the names and locations of established fishing areas in the del­
ta, The predominant fish caught in the lower river and delta is the
Coho, which is fished with shallow water gear,
Salmon don't normally spawn in the delta specifically; occasion­
ally Chum will spawn in the slow moving, spring fed side channels.
The most important function of the delta, in relation to the fishery,
is the protection afforded to fingerlings during out-migration, ( Paul
Hage, personal communication, I98I)
Forestry is an economic activity on the Liunmi Reservation,
Specifically in the delta however, removal of timber involves only
that which is for personal use, such as firewood. If wood is cut to
be sold for profit, a permit is required from the Bureau of Indian
Affairs, ( Mark Russell, personal communication, I98I)
A gravel pit operation is.the only privately owned economic
activity 6n the delta. The business involves the extraction of
gravel in the delta for sale in Whatcom County and parts of British
Columbia

AESTHETICS
The delta exhibits an abundance of diverse aesthetic qualities.
The islands, sloughs and wetlands provide a myriad of unique, sensi­
tive environments. To protect these aesthetic amenities. The Coastal
Zone Management Plan for the Reservation has determined that devel­
opments on and around coastal areas, ” shall minimize the visual ob­
struction of the water from designated scenic roadways and upland pro­
perty owners,” In addition, they require that any new coastal struc­
tures shall be designed and scaled in accordance with the surrounding
natural environment. View sheds and scenic areas shall be protected
from encroachment.
Impacts
INTRODUCTION
The impacts on the delta from various activities were considered
over a time frame of about 20 years. The Nooksack Delta is impacted
by several activities upstream. Any activity that effects water qual­
ity, water flow, siltation load, or channel characteristics will even­
tually impact the delta. Mining is an activity that could have an im­
pact on the delta in the future. Coal explorations are being conduc­
ted along the Nooksack near Everson and Glacier. Coal mining activity
would result in an accumulation of effects on the delta.
The Nooksack Delta is subject to development pressures from the
cities of Bellingham and Femdale. Residential development fringes
the east and north boundaries of the study area. Residential devel­
opment pressure is likely to be high in the future. The Bellingham
International Airport is likely to expand in the future. The close
proximity of the airport to the delta (under 2 miles) may result in
increased traffic, noise, and growth impacts to the delta, which
would decrease the delta’s desirability as a recreation area.
IMPACTS ON NATURAL ELEMENTS
Coastal Processes
Estuarine Circulation
Circulation in an estuary is determined by the rate of river
flow and by the strength of the tides in the area. Any increases in
flow would push estuarine circulation in the Nooksack Delta seaward.
The "salt water wedge" would also advance seaward if the river flow
were increased. Any decreases in flow would have the opposite effect
on estuarine circulation. Dredging activities would have a major ef­
fect on estuarine circulation because dredging changes channel con­
figurations, thereby changing circulation patterns.
Erosion
Erosion on the Nooksack Delta is mainly affected by direct ac­
tivities on the delta. Foot or boat traffic causes erosion of delta
shorelines. Dredging can also cause erosion through direct excava­
tion of the soils in the delta. Any industrialization or urbaniza­
tion on the delta will cause erosion if mediating activities are not
taken.
Accretion
Accretion of the delta is directly related to the amount of sed­
iments carried downriver. The amount of sediments carried down river
is a fuction of the river's sediment carrying capacity and the amount
of available sediment. The river's carrying capacity is determined
by the rate and volume of water flow. Rivers with large volumes can
carry more sediments than those with smaller volumes. Also, the fas­
ter a river flows, the more sediments it can carry. Fast flowing
rivers suspend larger particles than sluggish rivers.
Activities that affect the rate and volume of water flowing
downriver will increase the river's capacity to carry sediments to
its mouth. Any increase in sediment carrying capacity will increase
the rate of delta growth. For example, agriculture, urbanization, and
logging all tend to increase river flow because of the increase in
surface runoff. Dams, on the other hand, tend to decrease river flow
and would have the opposite effect of decreasing the rate of delta
growth.
The amount of sediment in the river bed that can be moved is de­
termined by the availability of sediments, the water volume and flow
rates of the river. Activities which release sediments from the river
bottom have a large impact on sediment load. Damming a river has the
impact of trapping sediments behind the dam and would tend to decrease
the total amount of sediment carried downstream, A major dredging
project would release large amounts of sediments. Boating and swim­
ming would have a lesser effect of releasing sediments, but would
also contribute to the sediment load,
A major source of sediment in a river comes from outside sources.
Sediments washed into the river by rains or floods contribute large
quantities of sediment to the system. The manner in which a river
drainage basin is used has an impact upon the amounts of sediments
washed into the river. For example, logging practices, such as clear- 
cutting, increase the amount of sediments washed away by rains by eli-
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minating flora that once held sediments in place. In fact, logging
practices in the Nooksack River Basin in the early part of this cen­
tury greatly increased the accretion rate of the Nooksack Delta by
allowing the release of large amounts of soil into the Nooksack River.
Agriculture is another activity that increases the amount of sediment
washed into the Nooksack River,
Stream channelization can impact delta accretion in a nximber of
ways. Re-routing the Nooksack River to Lximmi Bay would considerably
slow accretion in Bellingham Bay. V/hereas, river channels altered by
rip rap can increase flow rates and thereby increase delta accretion
rates.
Ecology
Although an estuarine system is characterized by organisms
adapted to dynamic environmental conditions, a significant departure
from the current state of the Nooksack Delta would adversely affect
its biotic community. An increase of recreation within the delta
could disrupt the breeding and nesting sites of birds and mammalian
dens.
Activities such as upstream logging, mining, agriculture, and
urbanization, as well as channel alteration external or within
the delta, increase the sediment load of the river. Very turbid
water interferes with photosynthesis of benthic algae and can impair
the mechanism of benthic suspension-feeders. Salmon eggs are smothered
by the deposition of sediments. The loss of juvenile salmon hatched
upriver would be a significant loss to the estuary. Mining, agricul­
ture, urbanization, and industrialization contribute a variety of or­
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ganic and inorganic compo'unds to the water. Although some of these
pollutants will be flushed through the delta, it can be expected that
a certain amount will enter the food chain. The toxic quality of many
compounds is magnified as they are passed up the food chain, delivering
the most concentrated dosages to animals at the highest trophic levels:
birds, mammals, and man.
Oil Spills
Oil spills in the Bellingham Bay area could adversely affect the
Nooksack Delta in several ways. Effects of the spill depend greatly on
temperature, currents, tide, and a time factor. An oil spill could
cause death in many water fowl species due to the damage of the fea­
thers, respiratory system, and vital organs. Once the volatile parts
of the oil are evaporated, the oil forms tiny tar balls. Upon sinking,
the tar balls are highly detrimental to fish, especially young fish,
and can become concentrated in shellfish. Humans who eat contaminated
shellfish usually suffer only from the poor taste. Other impacts of
oil pollution are effects on algae and other plant species in the
water or near the shore and a lowered aesthetic value.
Water
The waters of the Nooksack Delta are impacted primarily in flow
and in quality. Impactors upon these factors are almost all from out­
side of the study area, although some agriculture and septic tank run­
off is evident within the boundaries of the study area. All elements
of the delta environment are intricately tied to hydrologic systems,
so any impact upon water will affect biological and physical systems.
Impacts upon these systems will in turn have an effect upon the cul­
tural systems of the delta, particularly the fisheries. To under­
stand the full effect of impacts upon the hydrologic system, the in­
terrelations of systems in the delta should be remembered.
Impacts upon water qxiality and flow in the delta may come from a
number of possible sources. These include agriculture, urbanization
and logging in the Nooksack River Basin,
Agriculture
Almost the entire lower basin is utilized for agriculture, pri­
marily pasture and dairy lands. In 1978 in Whatcom County there were
26,629
li,327
683
1,502
2,007
7,775
li9,995
12,892
acres in pasture
" ” com (silage)
” ” wheat
" " barley
" ” potatoes
” " peas
” ” hay
" " vegetables, sweetcom. melons
Acreage figures are not available for the lower Nooksack basin
specifically, but much of the agriculture in Whatcom County takes place
in the lower basin and the flood plain.
Agriculture can have the following impacts upon the water
quality of the Nooksack River: 1) increase in nitrates within the
river system, 2) increase of sediments in the river, and 3) suspension
and/or deposition of toxic chemicals from pesticide application.
An increase in nitrates in the Nooksack River could come from
animal wastes and chanical fertilizers. Animal wastes, particularly
during seasons of high rainfall, run off with overland flow into the
river and its tributaries. The effects upon the river from nitrogenous
wastes is primarily an increase in biological oxygen demand. Nitrogen
is a limiting nutrient, and when available in large amounts causes an
increase in algal growth. Algal growth, in turn, demands higher
oxygen use, thereby reducing the amount of oxygen available within the
system.
Chemical fertilizers also run off from the soil and into the
drainage system. Nitrogen and phosphorous are released into the river
and have the same effect as animal waste on the biological oxygen
demand, (See tables in the water quality section for b.o.d. figures).
Pesticides are applied to many crops in Whatcom County and may be
entering the river system through runoff or by direct fall-out from
crop dusting, i^ach crop is treated with pesticides that are particular
to the crop and the pests that are prevalent. For instance, pea crops
in Whatcom County are sometimes treated with an aerial application of
malathion. Currently, most pesticides used on agricultural crops are
the type that break down quickly when used, Malathion breaks down
within a matter of hours.
New pesticides are continually being developed, so it is
difficult to predict what chemicals will be entering the river
system from year to year. Further study needs to be done on the kinds
and amounts of toxic substances released into the Nooksack River
through pesticide application. In order to gain a more exact evaluation
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of pesticide loading, it would be necessary to determine the acreage
and types of crops grown, what types of pesticides are applied, and
the frecjaency with which they are applied, Sven with this information,
it is difficult to tell how much runoff occurs, and how certain
chemicals may be affecting the river, because of differential
break down times for various chemicals.
Even though the water of the delta may be relatively free of
chemical concentrations, chemicals from pesticides are found in the
delta sediments. In the future, chemical concentrations in sediments
may be expected to decrease as some of the pesticides now present
continue to break down, and new pesticides being developed and
used break down quickly.
Agriculture also affects the sediment loads and flow regimes
of the Nooksack River, This is due to decreased ground cover from
initial clearing of agricultural land and the exposure of soils
by cropping and plowing. Increased sediment load has had a drastic
effect on the size of the delta and the hydraulics of flow through the
maze of distributaries, A decrease in ground cover has the effect of
increasing surface runoff to the river, which will affect magnitude
and duration of high flows. The low flow season of the Nooksack
corresponds to the season of highest irrigation; the withdrawal
of water for irrigation upstream from the delta has the effect of
decreasing flow even below normal lows.
New developments in artificial drainage for farmlands may
help to alleviate erosion and increased ninoff of animal wastes
into the Nooksack. Sixty thousand acres of farmland in Whatcom County
are artificially drained. Artificial drainage allows water to
percolate through the soil into drainage pipes vdiich carry the excess
water to the river without carrying soils and other loads with it.
Logging
Logging in the Nooksack drainage basin can have impacts on
the water quality of the Nooksack River, Any removal of vegetation
in the basin, either through clearcutting or partial cutting in­
creases the surface water runoff and sediment discharge. In Whatcom
County, ii,820 acreas of forest land were logged in 1979, Figures
are not available for acreage logged specifically in the Nooksack
drainage basin. However, of the U,820 acres logged, 2,621 acres
were clear cut and 2,299 were partial cut. Clear cutting can have the
following effects on a stream regime; l) An increase in stream
temperature, 2) A decrease in the dissolved oxygen concentratiorx and
3) An increase in sediment loads. Sediments can have a direct
adverse effect on fish, the production of insects that fish feed
upon, and the use of the fishery resource by the public (Lantz, 1971).
Forest maintenance may involve the application of herbicides
such as 2,U-L and 2,U,5-T. Concentrations of these herbicides have
been found in deltaic sediments. Increased forestry activities are
expected to increase the effects mentioned above. However, over tine,
as forest practices improve, some effects may be minimized.
Urbanization
While agriculture in the flood plain has been decreasing to
some degree, urbanization and residential development have been
increasing. The major effects on water quality from urbanization
are from street runoff, increased sewage generation, and litter.
At the present time, runoff from i'iarine Drive and Lummi Shore Drive
may be affecting quality in the delta waters. Street runoff may
contain oil, other fluid substances from automobiles, and toxic
substances such as lead. Litter from roadways may also be evident,
fhe towns of Femdale, Lynden, Everson, and Doming all lie close by the
river, and urban runoff from these centers is expected to have some
effect on water quality for the reasons mentioned above. This is
especially true of Femdale and Lynden, which are larger towns and are
closer to the delta than the other centers,
Femdale, Lynden, and Everson operate sewage treatment
facilities that discharge into the river. In 1970, 67,500
Population Equivalents of waste were discharged into the river from
treatment facilities (Stenbak, 1972), With increased growth, the
amounts of wastes generated will increase.
Another effect of urbanization and residential areas upon the
river is the use of septic tanks. Septic tanks are widely used in
Whatcom County, but soils are generally poor for their use. Septic
tanks primarily affect ground water quality, but in the delta area the
use of septic tanks may affect the surface water as well because of
close proximity to the river and high water table, 1-larietta lies
immediately adjacent to a channel of the delta and is not served by a
sewerage system. As of 1971, homes in Marietta delivered their
sewage directly into the river or into cess-pools adjacent to it
(Stenbak, 1972),
Urbanization has the effect on water systems of increasing flow,
shortening lag time between rainstorms and high flows, and alteid.ng
duration and magnitude of peak flows. All of these factors Increase the
ability of the river to carry sediment. These problems are not evident
on a large scale in the Nooksack River at this time. Increased
urbanization in Lynden and Femdale may increase urban runoff into the
river in the future.
Industry
Industry has an effect on water quality in the basin. Food
processing plants at Femdale and Lynden discharge organic wastes into
the river, increasing biological oxygen demand. Other industries in
the area include gravel and sand excavating, dairy products, and
forest products. Some of the food processing plants have their
wastes treated by municipal treatment facilities, and others provide
their own treatment. Food processing is the most significant industrial
activity in the dminage basin, and is most active during the summer
season of low flow. Problems have been encountered in the delta
with "pea slime" as it is known locally. This is discussed in further
detail in the section on surface water quality.
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The cement plant, pulp mill, and chlor-alkalai plant on
Bellingham Bay may have an effect on quality of the delta water as
well.
Mining activity is non-existent in the drainage basin at this time
but coal mining possibilities have been explored near Everson and near
Glacier for the near future. Mining may increase sediment load and
allow for the introduction of trace metals into the river system.
A comprehensive, up to date list of industries in the
drainage basin and Bellingham Bay, with information on the discharges
of these industries was not available in the short time that this
report was produced. The Department of Ecology has information on
water discharge permits from various industries.
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IMPACTS ON CULTURAL ELEMENTS
Recreation
Recreation in the Nooksack Delta is a water-dependent use. Any
alteration in the stream flow or channel characteristics of the Nook- 
sack River will have an impact on recreation uses within the delta.
Increased stream flow will limit passive recreation activities such as
picnicking and nature observing. Dredging activities may allow for
better boat travel but may also hinder pdestrian access routes on the
delta. Upstream urbanization and channel alteration may increase run­
off or sediment load in the river which would in turn alter delta ac­
cretion and erosion processes. Accretion processes are responsible
for the formation of islands that give the delta favorable recreation
qualities. Residential and urban development pressures on the fringe
of the delta may alter the natural qualities that make the Nooksack
Delta a desirable passive recreation area.
Water Use
Water use on the Nooksack Delta is most heavily impacted by the
flow level of the river and by the quality of the water being used.
During periods of low flow, water right allocation permits exceed the
actual flow of the Nooksack River. (Caldwell, personal communication,
1981) If all permits were fully used during a period of low flow, the
river would be unable to satisfy all the permits. Floods have the op­
posite effect of low flows when impacting use of the River's water.
Floods impact water use by hindering withdrawl systems and adding silt
and mud to the river water. Dams serve to moderate the extremes in the
flow of the Nooksack River. A more even flow of the river may help
shorten periods of low flow,
Water quality is often a critical factor when using water.
Fisheries and domestic uses especially require high quality water.
Many upstream activities impact the quality of water in the Nooksack
Delta for example, mining, industrialization, and urbanization.
Fisheries
The salmon fisheries in the Nooksack are sensitive to any physi­
cal, biological, or chemical changes which may occur in the delta.
Changes in temperature, turbidity levels, pH, and dissolved oxygen
content may be detrimental to salmon which have fairly specific re­
quirements.
The mining of ilverbed materials, especially gravel, can result in
a reduction of spawning areas and can cause continuous and excessive
bedload movement. Egg mortalities are generally extreme where shifting
gravel conditions occur, (Dept, of Fisheries, 1975) Salmonid fry and
fingerling may become trapped in the pits and packets left by gravel
excavations of river banks, and lost when the river recedes. Any over- 
appropriated or unauthorized pumping of waters from natural drainages
seriously effects the stream's capacity to produce fish. Depth of
spawning areas may decrease to a point of obstructing fish passage and
causing an increase in water temperature which the fish cannot tolerate
Logging practices may conflict with fish requirements. Extensive
clearcutting may create excessive intermittent runoff conditions and
increase erosion and siltation of streams. Clear cutting adjacent to
stream banks eliminates shade and cover and has been shown to cause
a rise in water temperatures and an increase in predation. (Dept,
of Fisheries, 1975) The improper construction of logging roads can
cause serious silting and muddying of adjacent streams.
Culverts, bridges and dams, if improperly installed, may present
barriers to upstream migrating salmon. Dam construction may have
added effects of water quality changes and flooding of spawning
grounds due to the creation of lakes behind the dam.
Any activity leading to an increase in the amount of industrial
effluents, urban runoff, or other pollutants, such as mine tailings,
entering the Nooksack River could adversely effect the fishing indus­
try. An increase in temperature and biological oxygen demand may
result in a subsequent decrease in dissolved oxygen content. As the
stream flow reaches the more 'open expanse of the delta, the river fans
out and reduces speed allowing the finer particles to settle out. That
may result in the concentration of toxic substances in the delta area.
These substances may be resuspended by tidal action and estuarine cir­
culation, creating a harmful environment for young, vulnerable salmon
species.

Summary
In. this report we have tried to draw out the features that
make the Nooksack delta a unique ecosystem. We have tried to show
the significance of the delta area as a fishery and recreation resource.
The delta is one of the few remaining undistrubed estuaries in Washington
State. It is a sensitive ecosystem and impacts upon the system can
come from areas far from the delta. In the future, an increase
in hximan populations in Whatcom County will put more stress upon the
Nooksack delta. Urbanization and industrialization will affect water
quality and delta growth. In turn these factors affect the fishery
resource, and therefore the Lummi culture.
The Nooksack delta will remain imsuitable for development unless
drastic measures of stabilizing the soil and the river course are
taken. These measures would definitely change the functioning of
the Nooksack delta as a natural system.
Keeping the delta in its natural state, as is the intention of
the Lummi Indians, will provide a continuing fishery resource,
recreational sites, and a natural system for study and research.
liu
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APPENDIX I
Water Quality Criteria
CLASS &A (EXTRAORDINARY).
(a) General Characteristic. Water quality of this class
shall markedly and uniformly exceed the requirements
for all or substantially all uses.
(b) Characteristic Uses. Characteristic uses shall include,
but are not limited to, the following:
(i) Water supply (domestic, industrial, agricultural),
(ii) Wildlife habitat, stock watering.
(iii) General recreation and aesthetic enjoyment (picnick­
ing, hiking, fishing, swimming, skiing, and boating).
(iv) General marine recreation and navigation.
(v) Fish and shellfish reproduction, rearing, and
harvesting.
(c) Water Quality Criteria.
(i) Fecal Coliform Organisms.
(A) Freshwater - Fecal Coliform Organisms shall
not exceed a median value of 50 organisms/100
ml, with not more than 10 percent of samples
exceeding 100 organisms/100 ml.
(B) Marine water - Fecal Coliform Organisms shall
not exceed a median value of 14 organisms/100
ml, with not more than 10 percent of sam.ples
exceeding 43 organisms/100 ml.
(ii) Dissolved Oxygen.
(A) Freshwater - Dissolved Oxygen shall exceed
9.5 mg/1.
(B) Marine water - Dissolved oxygen shall exceed
7.0 mg/1 except when the natural phenomci-);;n
of upwelling occurs, natural dissolved uxyMon
levels can be degraded by up to 0.2 mg/1 ly
man-caused activities.
(iii) Total dissolved gas - the concentration of total
dissolved gas shall not exceed 110 percent of sat­
uration at any poirt of sample collection.
(iv) Temperature - water temperatures shall not exceed
16.0° Celsius (freshwater) or 13.0° Celsius
(marine water) due to human activities. Temper­
ature increases shall not, at any time, exceed t ~
23/(T+5) (freshwater) or t = 8/(T-4) (marine
water) .
When natural conditions exceed 16.0° Celsius
(freshwater) and 13.0° Celsius (marine water), no
temperature increase will be allowed which will
raise the receiving water temperature by greater
than 0.3° Celsius.
For purposes hereof, "t" represents the permissive
temperature change across the dilution zone; and ”T"
represents the highest existing temperature in this
water classification outside of any dilution zone.
Provided that temperature increase resulting from
nonpoint source activities shall not exceed 2.8°
Celsius, and the maximum water temperature shall
not exceed 16.3° Celsius (freshwater).
(v) pH shall be within the range of 6.5 to 8.5 (fresh­
water) or 7.0 to 8.5 (marine water) with a man- 
caused variation within a range of less than 0.2
units.
(vi) Turbidity shall not exceed 5 NTU over background
turbidity when the background turbidity is 50 NTU
or less, or have more than a 10 percent increase
in turbidity when the background turbidity is
more than 50 NTU.
(vii) Toxic, radioactive, or deleterious material con­
centrations shall be less than those which may
affect public health, the natural aquatic environ­
ment, or the desirability of the v;ater for any
use.
(viii) Aesthetic values shall not be impaired by the
presence of materials or their effects, excluding
those of natural origin, which offend the senses
of sight, smell, touch, or taste.
CLASS B (GOOD).
(a) General Characteristic. Water quality of this class
shall meet or exceed the requirements for most uses.
(b) Characteristic Uses. Characteristic uses shall include,
but are not limited to, the following:
(i) Industrial and agricultural water supply.
(ii) Fishery and wildlife habitat.
(iii) General recreation and aesthetic enjoyment (picnick­
ing, hiking, fishing, and boating).
(iv) Stock watering.
#(v) Commerce and navigation.
(vi) Shellfish reproduction and rearing, and
Crustacea (crabs, shrimp, etc.) harvesting.
(c) Water Quality Criteria.
(i) Fecal Coliform Organisms.
(A) Freshwater - Fecal Coliform Organisms shall
not exceed a median value of 200 organisms/100
ml, with not more than 10 percent of samples
exceeding 400 organisms/100 ml.
(B) Marine water - Fecal Coliform Organisms shall
not exceed a median value of 100 organisms/100 ml,
with not more than 10 percent of samples exceeding
200 organisms/100 ml.
(ii) Dissolved Oxygen.
(A) Freshwater - Dissolved oxygen shall exceed
6.5 mg/1 or 70 percent saturation whichever
is greater.
(B) Marine water - Dissolved oxygen shall exceed
5.0 mg/1 or 70 percent saturation, whichever
is greater, except when the natural phenomenon
of upwelling occurs, natural dissolved oxygen
levels can be degraded by up to 0.2 mg/1 by
man-caused activities.
(iii) Total Dissolved Gas - the concentration of total
dissolved gas shall not exceed 110 percent of
saturation at any point of sample collection.
(iv) Temperature -• water temperatures shall not excc’ed
21.0° Celsius (freshv;ater) or 19,0° Celsnis
(marine water) due to human activities. Temper­
ature increases shall not, at any time, exceed
t = 34/(T+9) (freshwater) or t = 16/T (marine
water) .
When natural conditions exceed 21.0° Celsius
(freshwater) and 19.0° Celsius (marine water), no
temperature increase will be allowed which will
raise the receiving water temperature by greater
than 0.3° Celsius.
For purposes hereof, "t" represents the permissive
temperature change across the dilution zone; and "T"
represents the highest existing temperature in this
water classification outside of any dilution zone.
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Provided that temperature increase resulting from
nonpoint source activities shall not exceed 2.8°
Celsius, and the maximum water temperature shall
not exceed 21.3° Celsius (freshwater).
(v) pH shall be within the range of 6.5 to 8.5 (fresh­
water) and 7.0 to 8.5 (marine water) with a man- 
caused variation within a range of less than 0.5
units.
(vi) Turbidity shall not exceed 10 NTU over background
turbidity when the background turbidity is 50 NTU
l^ss, or have more than a 20 percent increase
in turbidity when the background turbidity is
more than 50 NTU.
(vii) Toxic, radioactive, or deleterious material con­
centrations shall be below those which adversely
affect public health during characteristic uses,
or which may cause acute or chronic toxic condi­
tions to the aquatic biota, or which may adversely
affect characteristic water uses.
(viii) Aesthetic values shall not be reduced by dissolved,
suspended, floating, or submerged matter not
attributed to natural causes, so as to affect
water^use or taint the flesh of edible species.
CLASS C (FAIR).
(a) General Characteristic. Water quality of this class
shall meet or exceed t3ie requirements of selected and
essential uses.
(b) Characteristic Uses. Characteristic uses shall include,
but are not limited to, the following:
(i) Cooling water.
(ii) Commerce and navigation.
(iii) Fish passage.
(iv) Boating.
(c) Water Quality Criteria.
(i) Fecal Coliform Organisms: (Marine water) shall
exceed a median value of 200 organisms/100 ml,
with not more than 10 percent of samples exceedi
400 organisms/100 ml.
(ii) Dissolved Oxygen.
Marine water - Dissolved oxygen shall exceed 4.0
mg/1 or 50 percent saturation, whichever is greater,
except when the natural phenomenon of upwelling
occurs, natural dissolved oxygen levels can be
degraded by up to 0.2 m.g/1 by man-caused activities.
(iii) Total dissolved gas - the concentration of total
dissolved gas shall not exceed 110 percent satura­
tion at any point of sample collection.
(iv) Temperature - water temperatures shall not exceed
24.0° Celsius (freshwater) or 22.0° Celsius (marine
water) due to human activities. Temperature
increases shall not, at any time, exceed t ~ 39/(Th-11)
(freshwater) or t = 20/(T+2) (marine water).
When natural conditions exceed 24.0° Celsius
(freshwater) and 22.0° Celsius (marine water), no
temperature increase will be allowed which will
raise the receiving water temperature by greater
than 0.3° Celsius.
For purposes hereof, "t" represents the permissive
temperature change across the dilution zone; a!id ''T''
represents the highest existing temperature in this
water classification outside of any dilution zone.
(V) pH shall be within the range of 6.5 to 9.0 (fresh­
water) or 6.5 to 9.0 (marine water) with a man- 
caused variation within a range of less than 0.5
units.
(vi) Turbidity shall not exceed 10 NTU over background
turbidity when the background turbidity is 50 NTU
or less, or have more than a 20 percent increasi'
in turbidity when the Ijackground turbidity is
more than 50 NTU.
(vii) Toxic, radioactive, or deleterious material con­
centrations shall be below those which adversely
affect public liealtv during characteristic uses,
or which may cause acute or clironic toxic con­
ditions to the aquatic biota, or which may
adversely affect chai a^’teri stic water uses.
(viiij Aesthetic values shall not be interfered with by
the presence of obnoxious wastes, slimes, aquatic
growths, or materials which will taint the flesh
of edible species.
LAKE CLASS.
(a) Gejieral Characteristic. Water quality of this class
shall ifioet or exceed tlie requirements for all or sub­
stantially all uses.
(b) Characteristic Uses. Characteristic uses for waters of
(c)
following:
(i) Water supply (dome
(ii) Wildlife habitat.
(iii) General recreation
ing, hiking, fishi]
(iv) Fish and shellfish
harvesting.
Water Quality Criteria.
i-ng) .
(i) Fecal Coliform Organisms - (lakes and impoundment 
shall not exceed a median value of 50 organisms/
100 ml, with not more than 10 percent of samples
exceeding 100 organisms/100 ml.
s j
(ii) Dissolved oxygen - no measurable decrease from
natural conditions.
(ill) Total dissolved gas - the concentration of total
dissolved gas shall not exceed 110 percent of
saturation at any point of sample collection.
(iv) Temperature - no measurable change from natural
conditions.
(v) pH - no measurable change from natural conditions.
(vi) Turbidity shall not exceed 5 NTU over background
conditions.
(vii) Toxic, radioactive, or deleterious material con­
centrations shall be less than those which may
affect public health, the natural aquatic environ­
ment, or the desirability of the water for any
use.
(viii) Aesthetic values shall not be impaired by the
presence of materials or their effects, excluding
those of natural origin, which offend the senses
of sight, smell, touch, or taste.
APPENDIX II
Species Lists
Bird species counted on the Lummi Reservation during the 1972, 1973
and 1974 Bellingham Christmas bird counts,
Common Loon
Arctic Loon
Red-throated Loon
Red-necked Grebe
Homed Grebe
Western Grebe
Pied-billed Grebe
Double-crested Cormorant
Brandt's Cormorant
Pelagic Cormorant
Great Blue Heron
Swan (sp.)
Whistling Swan
Canada Goose
Black Brant
Snow Goose
White-fronted Goose
Mallard Duck
Gadwall Duck
Pintail Duck
Green-winged Teal
Blue-winged Teal
European Wigeon
American Wigeon
Shoveler
Wood Duck
Redhead Duck
Ringneck Duck
Canvasback Duck
Greater Scaup
Lesser Scaup
Scaup (sp.)
Common Goldeneye
Barrow's Goldeneye
Bufflehead
Oldsquaw
Harlequin Duck
White-winged Scoter
Surf Scoter
Black Scoter
Scoter (sp.)
Ruddy Duck
Hooded Merganser
Common Merganser
Red-breasted Merganser
Goshawk
Sharp-shin Hawk
Cooper's Hawk
Red-tail Hawk
Gavia arctica
Gavia stellata
Podoceps grisegena
Podiceps auritus
Aechmophorus occidentalis
Podilymbus podiceps
Phalacrocorax auritus
Phalacrocorax penicillatus
Phalacrocorax pelagicus
Ardea herodias
Olor columbianus
Branta canadensis
Branta bernicla
Chen hyperborea
Anser albifrons
Anas platyrhynchos
Anas strepera
Anas acuta
Anas carolinense
Anas discors
Mareca penelope
Mareca americana
Spatula clypeata
Aix sponsa
Aythya americana
Aythya collaris
Aythya valisineria
Aythya marila
Aythya affinis
Glaucionetta clangula
Glaucionetta islandica
Bucephala albeola
Clangula hyemalis
Histrionicus histrionicus
Melanitta fusca
Melanitta perspicillata
Oxyura j amaicensis
Lophodytes cucullatus
Mergus merganser
Accipiter gentilis
Accipiter striatus
Accipiter cooperii
Buteo j amaicensis
Rough-leg Hawk
Golden Eagle
Bald Eagle
Marsh Hawk
Gyrfalcon
Peregrine Falcon
Merlin
Kestrel
Prairie Falcon
Blue Grouse
Ruffed Grouse
Ring-necked Pheasant
Virginia Rail
American Coot
Killdeer
Black-bellied Plover
Surfbird
Ruddy Turnstone
Black Turnstone
Common Snipe
Spotted Sandpiper
Greater Yellowlegs
Rock Sandpiper
Least Sandpiper
Dunlin
Dowitcher
Western Sandpiper
Sanderling
Glaucous Gull
Glaucous-winged Gull
Western Gull
Herring Gull
Thayer's Gull
California Gull
Ring-billed Gull
Mew Gull
Bonaparte's Gull
Gull (sp.)
Common Murre
Pigeon Guillemot
Marbled Murrelet
Ancient Murrelet
Rhinoceros Auklet
Band-tailed Pigeon
Rock Dove
Mourning Dove
Bam Owl
Screech Owl
Great Horned Owl
Snowy Owl
Pygmy Owl
Long-eared Owl
Buteo lagopus
Agulla chrysaetos
Haliaeetus leucocephalus
Circus cyaneus
Falco rusticolus
Falco peregrinus
Falco columbarius
Falco sparverius
Falco mexicanus
Dendragapus obscurus
Bonasa umbellus
Phasianus colchicus
Rallus limicola
Fulica americana
Charadrius vociferus
Squatarola squatarola
Arenaria interpres
Arenaria melanocephala
Capella gallinago
Actitis macularia
Totanus melanoleucus
Erolia ptilocnemis
Erolia minutilia
Erolia alplna
Limnodromus griseus
Erevnetes mauri
Crocethia alba
Larus hyperboreus
Larus glaucescens
Larus occidentalis
Larus argentatus
Larus californicus
Larus delawarensis
Larus canus
Larus Philadelphia
Uria
Cepphus columba
Brachyramphus marmoratum
Synthliboramphus antiquum
Cerophinca monocerata
Columba fasciata
Columba livia
Zenaidura macroura
Tyto alba
Otus asio
Bubo virginianus
Nyctea scandiaca
Glaucidium gnoma
Asio otus
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Short-eared Owl
Saw-whet Owl
Owl (sp.)
Belted Kingfisher
Yellow-shafted Flicker
Red-shafted Flicker
hybrid Flicker
Pileated Woodpecker
Red-breasted Sapsucker
Hairy Woodpecker
Downy Woodpecker
Homed Lark
Steller's Jay
Common Raven
Crow
Clark's Nutcracker
Black-capped Chickadee
Mountain Chickadee
Chestnut-backed Chickadee
Common bush-tit
Red-breasted Nuthatch
White-breasted Nuthatch
Brown Creeper
Dipper
Winter Wren
Bewick's Wren
Long-billed Marsh Wren
Robin
Varied Thrush
Hermit Thrush
Mountain Bluebird
Townsend's Solitaire
Golden-crowned Kinglet
Ruby-crowned Kinglet
Water Pipit
Bohemian Waxwing
Cedar Waxwing
Northern Shrike
Starling
Hutton's Vireo
Orange-crowned Warbler
Audubon's Warbler
Townsend's Warbler
House Sparrow
Western Meadowlark
Red-wing Blackbird
Brewer's Blackbird
Brown-headed Cowbird
Blackbird (sp.)
Evening Grosbeak
Purple Finch
House Finch
Asio flammeus
Aegolius acadicus
Megaceryle alcyon
Colaptes auratus
Colaptes cafer
Dryocopus pileatus
Dendrocopos villosus
Dendrocopos pubescens
Eremophila alpestris
Cyanocitta stelleri
Corvus corax
corvus brachvrhynchos
Nucifraga Columbiana
Parus atricapillus
Parus gambeli
Parus rufescens
Psaltriparus minimus
Sitta canadensis
Sitta carolinensis
Certhia familiaris
Cinclus mexicanus
Troglodytes troglodytes
Thryomanes bewickli
Telmatodytes palustris
•Turdus migratorius
Ixoreus naevius
Hylocichla guttata
Sialia currucoides
Myadestes townsendi
Regulus satrapa
Regulus calendula
Anthus spinoletta
Bombycilla garrula
Bombycilla cedrorum
Laniidae
Sturnus vulgaris
Vireo huttoni
Vermivora celata
Dendroica auduboni
Dendroica townsendi
Passer domesticus
Sturnella neglecta
Agelaius phoeniceus
Euphagus cyanocephalus
Molothrus ater
Hesperiphona vespertina
Carpodacus purpureus
Carpodacus mexicanus
Gray-crowned Rosy Finch
Pine Grasbeak
Common Redpoll
Pine Siskin
American Goldfinch
Red Crossbill
Rufous-sided Towhee
Savannah Sparrow
Slate-colored Junco
Oregon Junco
Tree Sparrow
Harris Sparrow
White-crowned Sparrow
Golden-crowned Sparrow
White-throated Sparrow
Fox Sparrow
Lincoln Sparrow
Song Sparrow
Swamp Sparrow
Lapland Longspur
Snow Bunting
Yellow-headed Blackbird
Rusty Blackbird
Leucosticte tephrocotis
Pinlcola enuclcator
Acanthis flammea
Spinus pinus
Spinus tristis
Loxia curvirostra
Pipilo erythrophthalmus
Passerculus sandwichensis
Junco hyemalis
Junco oreganus
Spizella arborea
Zonotrichia guerula
Zonotrichia leucophrys
Zonotrichia coronata
Zonotrichia albicollis
Passerella iliaca
Melospiza lincolnii
Melospiza melodia
Melospiza georgiana
Calcarius lapponicus
Plectrophenax nivalis
Xanthocephalus xanthocephalus
Euphagus carolinus
Source: Terence Wahl, North Cascades Audobon Society, 1975
AQUATIC FAOTIA SPECIES LIST
Benthic Organisms
Anphipod (Amphitoe hxunerali3)
Giant pacific oyster (Crassostrea piigas)
Amphipod (Corophium acherusicum)
Polluted macoma clam (Hacoma irus)
Butter clam (Saxidomus giganteus)
Polychaete worm (Platyneresis dumerli)
Polychaete worm (Spiophanes cirrata)
Free-swimming organisms
Sturgeon (Acipenser sp.)
Shad (Alosa sapidissima)
xHerring (Clupea harrengus)
Buffalo sculpin (Enophrys bison)
Common cod (Gadus sp.)
Rat fish (Hydrolagus colliei)
Butter sole (Isopsetta isolepis)
Rock sole (Lepidopsetta bilineata)
Staghorn sculpin (Leptocottus armatus)
Pink salmon (Oncorhynchus gorbuscha)
Chiim salmon (0, keta)
Coho salmon (0. kisutch)
Sockeye salmon (0, nerka)
Chinook salmon (0, tschawytscha)
English sole (Parophiys vetvlus)
Starry flounder (Platichthys stellatus)
Cutthroat trout (Salmo clarki clarki)
Steelhead trout (Salmo gairdneri)
Candlefish (Thaleichthys pacificus)
mammals species list
American opossum (Dldelphls marsupialls vlrginlca)
Vagrant shrew (Sorex vagrans)
Marsh shrew (Sorex bendlrll)
Little brown bat ( Myotis lucifugus)
Beaver (Castor canadensis)
Townsend's meadow mouse (Hicrotus townsendi)
Oregon meadow mouse ( Microtus oregoni oregoni)
Muskrat (Ondatra zibethicus)
Norway rat (Rattus norvegicus norvegicus)
Pacific jumping mouse (Zapas trinotatus trinotatus)
Raccoon (Procyon lotor)
Long-tailed weasel (Mustela frenata)
Mink (Mustela vison)
Striped skxmk (Mephitis mephitis)
River otter (Lutra canadensis paclfica)
Black-tailed deer (Odocoelius hemionus coulumbianus)
Red fox (Vulpes fulva)
Porcupine (Erethizon dorsattim)
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